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PKEFACE. 


In  lecturing  on  the  Skeleton  my  practice  has  been, 
instead  of  giving  a  detailed  account  of  the  several  parts, 
to  request  the  members  of  the  class,  each  day,  to  get 
up  the  descriptive  anatomy  of  certain  bones,  with  the 
aid  of  some  work  on  osteology.  On  the  subsequent  day, 
I  tested  their  acquirements  by  vivd  voce  examination, 
and  endeavoured  to  supply  deficiencies  and  to  correct 
errors.  I  also  added  such  information^ — physical,  phy- 
siological, pathological,  and  practical — as  I  had  been 
able  to  gather,  from  my  own  observation  and  researches, 
and  which  was  likely  to  be  usefiil  and  to  excite  an 
interest  in  the  subject. 

The  additional  information,  thus  collected,  forms,  in 
great  part,  the  material  of  the  present  volume ;  which 
does  not  profess  to  give  a  regular  description  of  the 
bones,  and  is  not,  tlierefore,  intended  as  a  substitute  for 
any  of  the  existing  manuals  of  anatomy ;  but  is,  rather, 
supplementary  to  them. 

The  description  of  the  joints  has  been  made  more 
complete  than  that  of  the  bones;  because  it  is  less  fully 
given  in  other  works;  and  because  an  accurate  know- 
ledge of  the  structure  and  peculiar  forms  of  the  joints 
is  essential  to  a  correct  knowledge  of  their  movements. 


VI  PREFACE. 

To  hear  the  study  of  the  human  skeleton  complained 
of  as   dry   and    tedious   is  always,  to   me,  a  matter  of 
regret.      It   really   may   be,    and    ought  to   be,  one    of 
the  most  interesting  of  studies.     To  the  practical  Sur- 
geon  it    is   essential.      To   the    philosophical   anatomist 
the  human   skeleton   is   most   instructive,  being  related 
to  the  intelligent  will   of  man  on   the   one  hand,   and 
to  the  various  members  of  the  animal  kingdom  on  the 
other.    It  is,  moreover,  the  framework  of  nature's  mas- 
terpiece, the   most   perfect  piece  of  mechanism,  replete 
with   fearful   and   wonderful   manifestations    of  creative 
skill.     The  contemplation  of  such  a  work  is  one  of  the 
noblest  exercises   of  the   mind,  not  merely  on  account 
of  the  many  physical  and  other  problems  which  it  sug- 
gests, but,  still  more,  because  it  tends  to  give  additional 
force  to  the  conviction,  derived  from  more  direct  revela- 
tion, of  the  infinite  wisdom,  power  and  goodness  of  tl 
Creator. 

The  illustrations  were  all  drawm,  upon  stone,  fro 
nature,  by  my  wife;  and,  in  most  instances,  from   sp 
mens  prepared,  for  the  purpose,  by  myself 

To  my  friend  and  former  pupil,  Dr  William  ( 
fellow  of  St  Catharine's  College,    I  am  much   indf 
for  valuable  assistance  which   he   has  kindly   ren 
by  sharing  with   me  the  labour  of  correcting  fo 
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The  suljstiuice  of  bone  has  beeu  repeatedly  subjected 
to  analysis  by  emiuent  cliemists,  and  by  none  with 
greater  care  and  labour  tlian  by  Dr  Stark  ^  and  Von 
Bibra',  whose  experiments  embrace  the  osseous  system  of  nearly 
the  whole  of  the  vertebrate  kingdom.  That  there  should  in  many 
instances  have  been  some  difference  io  the  results  of  the  t^nan- 
titative  analysis  of  different  chemists,  is  not  surprising  wlien  we 
consider  how  difficult  it  is  to  divest  the  osseous  structure  of  the  fat, 
veesele,  membranous  and  other  ingredients,  that  enter  into  the  bones, 
traversing  their  eaualsj  tul>es  and  cavities,  and  even,  according 
to  the  supposition  of  Hoppe  and  otherSj  lining  the  very  bone-cells 
and  their  prolongations.  Some  of  these  ingredients  must  neccs- 
IMily  be  left  adherent  to  the  osseous  tissue  after  the  most  complete 
maceration  and  drying,  and  must,  lo  a  slight  degree,  affect  the 
accuracy  of  the  results  of  the  respective  analyses^  which  will  vary 
a  little  according  to  the  measures  that  are  taken  to  get  rid  of 
these  apijurtenances.  There  is,  however,  a  sufficiently  close  agree- 
ment among  several  recent  and  accurate  observers  to  enable  us  to 
arrive  at  tolerably  exact  conclusions  respecting  the  more  important 
points. 


'  EdMutyh  Medical  and  Surgieal  Journal,  LXUI. 
'  Siinon'fl  CkemiiAry,  by  Day,  it.  599. 


2  GENERAL  OBSERVATIONS 

The   composition   of   coEipact   osseous   tissue   as   deduced 
Lclimann^  from  tlie  lj€st  analyses  is  as  follows: 

PhoaphaW  of  Lime 57 

Carbonate  of  Limti 8 

Fhioride  of  CiJcium *  t 

Phoftpbate  of  Magaesiifc      .         .         «        .  i 

Mineral  constituents  ,        .        .        .      67 
Cartilage -IS 

too 

To  this  is  addiid,   l>y  most  chemists,  a  small  quantity  {about] 
1  per  cent.)  of  fat. 

The  animal  basis,  therefore,  forms  nearly  an  exact 
third  of  the  clean  dry  bone.  It  is  often  called  cartilage; 
though  inconrectly,  inasmuch  as  it  differs,  both  chemically  and  U 
structurallyj  fi'om  cartilage*  When  boiled  it  yields  gelatine,  which 
is  identical  with  the  glnten  obtained  from  tendons  and  connective 
tissue.  It  preserves  its  characters  in  a  remarkable  manner,  having 
T)een  found  unaltered  in  bones  which  have  lain  more  than  three 
thousand  years. 

Changed  during  During  the  process  of  development  the  animal  sub- 
deYciopmcnt.  gtaucc  undcrgocs  a  change.  So  long  as  the  structure 
continues  in  the  state  of  foetal  cartilage  it  contains  a  substance 
yielding  chondrin ;  but  concurrently  with  the  subsequent  infiltration 
of  earthy  matter  into  its  texture  it  is  converted  into  a  material  from 
which  only  gluten  can  be  extracted.  Ossified  true  cartilage  is,  how- 
ever, said  by  Dr  Sharpey  to  be  found  in  the  articular  ends  of  adult 
long  bones,  lying  underneath  the  natural  cartilage  of  the  joint, 
both  in  the  moveable  articulations  and  in  sympliyscs,  and  to  be 
in  fact  the  deeper  part  of  the  cartilage  which  has  been  encroached 
upon  by  the  calcifTing  process.  The  animal  basis  is  here  of  a 
totally  different  nature  Irom  that  of  the  bone  elsewhere;  for  on  ex- 
tractLiig  the  earthy  matter  by  means  of  an  acid  the  tissue  which 
remains  has  all  the  characters  of  cartilage.  Cartilage  also  is  stated 
to  form  the  animal  basis  of  the  bone  in  a  few  other  parts  of  thia 


*  Pkiftiologiml  ChcmUtry,  trJinfllated  by  0r  Dny,  Hl»  18. 
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only  in  very  lunited  portions;  according  to  Tonaes 
and  De  Morgan  it  occurs  in  the  petrous  portion  of  the  temporal 
bone'. 

The  pliosphate  of  lime,  which  forms  tlie  chief  part 
of  the  mineral  constitoenta,  is  sometimes  called  '*  bone- 
earth  phosphate/'  being  rather  a  peculiar  salt.  It  is  regarded  as 
a  tribasic  phosphate,  consisting  of  8  er[uivalent3  of  lime,  1  o{  water, 
and  3  of  phosphoric  acid,  Tlie  great  predominance  of  this  salt  over 
the  carbonate  is  a  striking  feature  in  the  compot^ition  of  bone,  as 
compared  with  that  of  shell,  in  which  the  phosphate  is  either  absent 
altogether,  or  e:xists  only  in  very  small  quantities.  The  carbonate 
is  a  simpler  salt,  much  more  abundant  in  the  inorganic  world,  and 
answers  the  purpose  of  the  earthy  material  of  shell  anfiiciently  well, 
being  in  it  united  with  only  a  small  quantity  of  animal  matter. 
But  in  true  bone,  the  greater  proportion  of  animal  substance  ren- 
dered necessary  for  the  purposes  of  growth,  &c.  requires  the  sub* 
stitution  of  the  phosphate,  which  is  capable  of  forming  a  harder 
compoand  with  aninaal  substance  than  tlie  carbonate.  In  the 
hardest  part  of  the  skeleton— the  enamel  of  the  teeth— it  is  present 
in  still  greater  quantity,  forming  more  than  80  per  cent.  It 
possesses  the  same  property  as  the  animal  matter  of  preserving  its 
characters  and  composition  for  a  great  length  of  time,  having  be^n 
found  unaltered  in  fossil  bones.  The  salts  of  phosphorus  exist  in 
small  quantities  in  the  inorganic  world,  but  form  a  very  important 
ingredient  in  some  vegetables,  particularly  those  vegetables  which 
are  most  nutritious,  such  as  bread-corn,  &c.  Hence  bone-powder 
is  so  valuable  an  article  of  manure. 
^  .     -  The  union  of  the  animal  and  the  earthy  constituents 

MotKB  Of  com-  "^ 

^i*"*^**"-  of  bone  is  evidently  very  intimate,  though  the  precise 

nature  of  it  is  not  well  understood.  The  variable  proportions  in 
wiiieh  they  are  combined  to  form  lK>ne,  and  the  facility  with  which 
they  can  be  separated,  or  partially  separated,  without  destroying 
the  shape  of  the  bone,  proves  that  if  it  be  a  chemical  union,  it  is 
not  quite  of  the  ordinary  kind. 


*  Quftin^s  Anatomy y  1856,  i.  p.  cxjtvi* 
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GEXERAL  OBSERVATIUXS 


Instances  of  slight  variations  in  tlie  proportions  in 
VmiAtioTisiii     -^^hicli  the  animal  and  earthy  constitiients  are  combined 

the  pmportions  "^ 

iiighi  in  duTer-   are   fiimishcd   hj   the  different   hones   of  the    human 

crut  boneSt 

skeleton.  Dr  Owen  Kees^  whose  results  are  in  great 
measure  confirmed  hy  Bibra,  htia  shewn  that  the  long  bones  of 
the  extremities  contain  more  earthy  matter  than  those  of  the 
trunk;  that  the  bones  of  the  upper  extremities  contain  somewhat 
more  than  the  corresponding  hones  of  the  lower  extremities ;  that 
the  humerus  contains  more  than  the  radius  and  ulna,  and  the 
femur  more  than  tlic  tibia  and  fibula.  The  vertebra^  ribs  and  cla- 
vicle are  nearly  identical  as  regards  the  proportion  of  earthy  mat* 
ter  contained  in  them.  The  bones  of  the  head  contain  consideraldy 
more  than  those  of  the  trunk,  somewhat  more  even  than  the  hume- 
rus. The  qnantity  of  carbonate  of  lime  appears  to  be  regulated  by 
that  of  the  phosphate,  at  least  the  two  exist  in  the  same  proportions 
in  the  most  diversely  constituted  bones.  Among  mammals  the 
bones  of  hcrbivora  contain  tlic  greatest  quantity  of  earthy  matter; 
and  human  bones  are  said  to  contain  the  most  waterj  the  spongy 
bones  containing  more  than  the  shafts  of  the  cylindrical  bones.  The 
bones  of  birds,  the  granivorous  more  particularly,  are  said  to  con-* 
tain  more  earthy  matter^  some  silio4i  and  more  water  than  those  of 
mammals,  though  tlie  experiments  of  Bibra  and  Stark  are  not 
altogether  confirmatory^  of  this.  The  bones  of  reptiles  contain 
according  to  Bibra's  analyses,  rather  less,  and  those  of  fishes 
decidedly  less,  of  saline  ingredients  than  the  bones  of  mammals; 
and  they  further  differ  from  them  in  containing  some  sulphate 
of  soda  and  a  larger  proportion  of  waten  In  this  respect  Stark's 
analyses  do  not  altogether  coincide  with  Bibra's,  inasmuch  as  they 
shew  that  there  is  no  dlfterence  between  the  perfectly  ossified  l>one3 
of  some  fish,  sucli  as  those  which  surround  the  mouth  of  the  stur- 
geon, and  tlie  bones  of  birds  or  of  mamnials. 

These  differences  in  the  proportionate  quantity  of  the  animal 
and  earthy  constituents  are  less  than  miglit  have  been  exiiected, 
judging  from  the  varying  appearance  and  density  of  the  several 


*  Medico-ChirurgiecU  TranMac(ioK*f  aLXi,  406. 
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bones.  It  is  probable  also*  that  some  of  tliiBse  differences,  those 
more  especially  which  have  been  pointed  out  between  the  bones 
in  the  human  skeleton^  niay,  in  part,  depend  upon  the  variable  pro- 
portions of  the  membranous  and  other  matters  remaiiiing  in  the 
minute  channels  and  cavities  of  the  bones,  and  separable  with  more 
difficulty  in  some  bones  than  others.  It  appears,  moreover,  that  the 
fmr/Imss  of  one  bone  in  comparison  with  another  docs  not  depend 
upon  the  amount  of  earthy  matter  it  contains  ao  much  as  on  its 
physical  structure ;  a  cancellated  bone  differing  in  chemical  com- 
position very  little  from  a  solid  bone'.  Dr  Stark  concludes  from 
his  numerous  experiments,  "that  the  amount  of  earthy  matter  in 
healthy  bones  is  nearly  nniform  over  the  whole  animal  kingdom  j 
and  that  neither  the  solidity  or  sponginess,  the  rigidity  or  flexibility, 
the  opacity  or  transparency  of  bones,  depends  on  an  increased  or 
diminished  amount  of  the  earthy  matters  in  tlieir  composition." 
•udatdiflcmit  It  IS  usually  stated  on  the  authority  of  Davy,  Schrc- 
•Bws  ger  and  others,  that  there  is  a  progressive  and  consider- 

able increase  in  the  earthy  constituents  of  the  bones  with  advancing 
y€^a^s,  This,  however,  would  seem  to  be  by  no  means  universally 
true.  Dr  Rees  finds  it  to  be  the  case  with  regard  to  the  long  bones 
and  the  bones  of  the  head;  those  in  the  fcetus  not  containing  the 
excess  of  earthy  matter  which  he  discovers  in  those  of  the  adult. 
But  the  bones  of  the  trunk  in  the  fcetal  skeleton  appear  from  his 
analyses  to  be  as  rich  in  the  proportion  of  earthy  matter  as  those  of 
the  adult.  Stark's  tables  shew  that  age  does  not  increase  the  amount 
of  earthy  matter;  the  solid  shaft  of  the  radius  of  a  child  under  six 
years  and  that  of  an  adult  above  forty  containing  exactly  the  same 
amount  of  earthy  matter  even  to  a  fraction.  This  is  partly  con- 
firmed by  the  experiments  of  Bibra;  the  proportions  of  animal  and 
earthy  matter  given  by  him  being  nearly  tlie  same  in  the  fcetus  of 
7  months,  in  the  man  of  30  and  in  the  woman  of  78.  It  is 
supposed  that  tliosc  chemists  who  have  arrived  at  an  opposite 
conclusion  may  have  included  in  their  analyses  the  soft  layer  of 
cartilage  which  exists  between   the   epiphysis   and   the   shaft  of 


1  Quam'i  Anaiom^t  i«  p«  cri. 

■  DrBeea  finds  rather  leaa  earthy  muttar  in  cancellated  boneB.     BeraeUua  and 
Stark  atAte  that  there  U  no  difference. 
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the  bone.  Wlietlier  this  be  so  or  not  tlierc  can  be  no  question  that 
foetal  bones  am  very  hard  and  dense  in  their  shafts;  these  being 
nearly  as  difficult  to  cut  with  the  knife  or  saw  as  the  corresponding 
parts  in  the  adult. 

to  morbid  condi-  ^^  almost  all  the  diseased  states  of  bones  (in  all  in* 
^"■-  deed  with  tlie  solitar}'  exception  of  sclerosis)  and  in  new 

bone-formations,  including  e^dlu?*,  it  appears  that  the  earthy  matter 
is  deficient  in  quantity.  This  is  especially  the  case  in  Eacliitis  and 
Osteomalacia,  in  each  of  which  both  the  phosphate  and  the  car- 
bonate of  lime  are  often  reduced  to  less  than  a  quarter  of  their 
usual  quantities.  It  would  seem  in  some  of  the  instances  of  these 
diseases  that  the  salts  of  lime,  not  being  properly  attracted  by  the 
animal  constituents  of  the  bone,  the  blood  and  urine  become  sur- 
charged with  them.  The  latter  fluid  at  least  has  often  been  found 
in  such  cases  to  contain  an  excessive  amount  of  earthy  phosphates* 
In  caries  the  earthy  constituents  disappear  before  the  animal  matter, 
rendering  the  lione  around  the  ulcer  soft  and  easily  penetrated  by 
a  knife. 

The  attention  of  the  chemist  has  generally  been  confined  to  the 
examination  of  the  mineral  elements,  and  we  are  not  su|TpIied  with 
many  particulars  respecting  the  composition  of  the  animal  matter  in 
morbid  conditions  of  the  bones ;  where  mention  is  made  of  it,  it  is 
generally  said  to  be  imchanged.  In  one  case  of  Osteomalacia,  how- 
ever, in  a  child,  Marchand  foimd  that  the  *' cartilage",  which  consti- 
tuted 70  per  cent,  of  the  bones,  yielded  neither  gluten  nor  chondrin. 
Altfiough  the  quantity  of  animal  matter  is  relatively  great  in  these 
cases,  there  is  no  evidence  that  an  actual  increase — a  true  hyper- 
trophy— of  it  takes  place.  Little  also  has  been  determined  with 
reference  to  the  changes  in  the  relative  2)t'oporttonn  of  the  mlntral  coti^ 
stttuents^  or  whether,  when  one  is  removed,  it  is  replaced  by  some 
other.  Lehmanu  gleans  firom  the  analyses  in  our  possession  that  the 
carbonate  of  lime  is  first  dirainisljed  and  subsequently  again  increased 
in  a  corresponding  proportion  with  the  phosphate,  in  diseases  of 
the  bones;  it  being  only  in  osteophytes  and  other  new  formations 
of  bone  that  we  find  the  carbonate  exceeding  the  normal  standard, 
A  small  quantity  of  oil,  varying  from  ^  to  2  per 
cent.j  is  found  in  bones  from  which  the  nian'ow  has 


oil  In  bonet. 
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been  cleaned  and  macerated  away  as  completely  as  possible.  It 
is  supposed  therefore  to  form  a  natural  constituent  of  the  osseous 
matrix,  just  as  it  forms  a  constant  if  not  an  essential  ingredient  in 
the  ultimate  tissue  of  muscle,  nerve,  gland,  and  other  elementary 
structures.  It  is  rather  more  abundant  in  fat  animals  than  in  lean 
ones,  and  the  bones  of  hybemating  animals  contain  more  oil  before 
than  after  their  winter  sleep*  It  is  increased  in  most  diseased 
bones,  especially  in  Eacliitis  and  Osteomalacia,  though  the  in- 
creased quantity  of  oil  forms  a  less  important  feature  in  those 
diseases  than  does  the  deficiency  of  the  earthy  matter, 
strength  and  "^^^  constitucnts  of  bone  are  blended  in  such  pro- 

portions as  to  produce  a  structure  admirably  adapted  for 
the  purposes  required.  It  is  exceedingly  strong,  culpable 
of  bearing  great  weight  and  resisting  great  force  of  muscular  con- 
traction. It  has  been  proved  by  experiment  to  possess  twice  the 
resisting  property  of  solid  oak.  It  is  also  elastic,  as  is  shewn 
by  the  resiliency  of  the  iibula  when  its  shaft  is  pressed  against 
the  tibia,  and  by  Jlr  Ward's  experiment  of  placing  the  clavicle 
at  riglit  angles  against  a  hard  body  and  striking  the  free  end 
a  smart  blow  with  a  hammer,  when  the  bone  will  rebound  a  dis* 
tance  of  two  feet.  This  elasticity  is  a  very  important  quality, 
breaking  the  shocks  from  falls  and  blows  and  contributing  very 
materially  to  preserve  from  injury  the  delicate  nervous  and  other 
structures  that  are  connected  with  the  skeleton- 
proporttoDnte  ^^  Icam,  from  the  experiments  of  Rees  and  Bibra, 

toforoeof  quoted  above,  that  the  proportion  of  earthy  matter  is, 
on  the  whole,  greatest  where  tlic  bones  are  subject  to 
the  greatest  meclianical  stress,  as  in  the  shafts  of  the  long  bones  of 
the  extremities.  The  bones  are  at  those  parts  also  very  dense. 
The  density  and  strength  of  the  bones  varies  a  good  deal  in  dif- 
ferent persons,  being,  as  we  might  expect^  generally  proportioned 
ivltli  nicety  to  the  weight  of  the  body  and  the  strength  of  the 
muscles.  In  early  life  they  are,  relatively  as  well  as  actually, 
small,  light  and  flexible,  wxU  suited  to  the  nimble,  almost  incessant 
movements  of  the  child,  and  well  suited  for  escaping  the  numerous 
accidents  to  which  they  are  then  exposed.  In  the  adult,  when 
muscular  force  is   the   greatest,  thej^   attain   their  greatest  size. 
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density,  and  strength,  being  hardest  in  those  who  are  strongest  and 
most  active.  It  haa  been  calcnhited  that  at  the  age  of  21  the 
weight  of  the  skeleton  is  to  that  of  the  whole  body  in  the  ratio  of 
10.5  to  100  in  man,  and  tliat  of  8.5  to  100  in  woman  (the  average 
weight  of  the  body  being  about  125  or  130  lbs,)  \  In  old  age,  when 
the  muscular  and  other  powers  are  failing,  and  when  the  movements 
are  consequently  slow  and  cautious,  the  bones  become  lighter  and 
more  porous  and,  consequently,  more  fragile.  These  changes  in 
the  characters  of  the  bones,  whereby  they  are  adapted  to  the  vary- 
ing conditions  of  the  muscular  system  at  different  periods  of  life 
and  under  different  circumstiinces,  are  brought  about,  not  so  much 
by  an  alteration  in  the  chemical  coniposkkm  of  the  bone  substance, 
as  by  an  alteration  in  the  amount  of  the  bone  substance  employed; 
in  other  words,  by  alterations  in  the  size  and  density,  and  conse- 
quently in  the  weight  of  the  bones, 

Bpontaoisouji  ^^  ^^^^  1^  ^^^  balance  preserved  between  the  resist- 

fracfure  mre.  j^^  power  of  the  bones  and  the  contractile  force  of  the 
muscles,  that  a  fracture  is  very  rarely  occasioned  by  the  mere 
effort  of  muscular  contraction.  Such  an  accident  may,  however, 
occur  under  unusual  exertion.  Thus  the  arm  has  been  broken 
in  throw^ing  a  ball,  or  lifting  a  w^eight;  and  the  patella  is  some- 
times snapped  by  the  sudden  action  of  the  quadriceps  muscle. 
My  colleague,  Mr  Hammond,  was  called  to  a  strong  man  whose 
thigh-bone  had  been  broken  across  the  middle  by  the  severe  spas- 
modic contractions  of  the  muscles  of  the  thigh,  which  ushered  in  a 
fit  of  cholera,  I  attended  an  old  man  who  fractiu*cd  his  huraenis 
when  pulling  himself  upstairs  by  the  aid  of  the  hand-rail.  In- 
stances are  also  related  in  which  a  hereditary  fragility  of  the 
bones  has  been  observed,  leading  to  fractures  from  contractions  of 
the  muscles  and  other  slight  causes.  In  by  far  the  greater  num- 
ber of  cases  of  spontaneous  fracture,  however,  some  disease — com- 
monly rickets*,  mollities  or  cancer— has  proved  to  be  the  cause  of 
the  lesion.  It  may  be  added,  as  a  remarkable  fact,  that  in  many  of 
the  instances  of  spontaneous  fracture  resulting  from  some  change 


1  Lebmaun'i  Phym/Aoffieal  ChtmMr^^  HI,  35. 
*  Virchow*»  Archivt  T.  463. 
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ill  the  bone,  whatever  be  the  cause  of  that  change,  whether  it  be 
old  age  or  moUities,  or  even  cancer,  reunion  has  taken  place  in 
the  ordinary  period,  or  has  occnpied  a  shorter  time  than  usual. 

The  laminated  arrangement  of  the  structure  of  bone 
is  faintly  perceived  in  the  sections  of  the  dry  shafts  of  the 
long  bones.  It  is  still  better  seen  when  the  earthy  matter  has  been 
removed  by  steeping  in  dilute  liydrochloric  acid,  after  which  a  suc- 
cession of  thin  layers  of  the  remaining  animal  substance  may  be 
peeled  off.  The  delicate  layers  into  which  the  animal  basis  of  bone 
is  thus  capable  of  being  separated,  are  described  by  Dr  Sharpey  *  to 
consist  of  transparent  fibres  decussating  each  other  in  the  form  of  an 
exceedingly  fine  network.  By  reversing  the  experiment  and  driving 
off  the  animal  matter  through  the  medium  of  heat  the  calcined 
laminfc  may  be  sometimes  seen  separated  from  one  another.  They 
are  also  not  unfrequently  exhibited  in  the  clearest  manner  in  in- 
flamed states  of  the  bone,  when  the  osseous  tissue  has  been  softened 
by  the  morbid  process  and  the  laminae  have  been  pressed  asunder  by 
the  effusion  of  new  products  between  them'.  The  laminai  are  most 
marked  near  the  exterior  of  the  shafts  of  the  long  bones,  where  they 
are  disposed  circularly,  that  is  to  say,  concentrically  with  regard  to 
the  medullary  canals.  In  this  latter  situation  they  are  said  by 
Messrs  Tomes  and  De  Morgan  to  l>e  less  numerous  than  is  gene- 
rally supposed,  to  be  most  marked  in  bones  of  fiill  growth,  and  to 
afford  a  means  of  determining  the  age  at  which  a  bone  has  arrived. 
In  the  interiors  of  bones  the  laminaa  surround  the  haversian  canals 
and  the  cells  of  the  cancellated  portions*  The  laminre  visible  with 
the  naked  eye  and  separable  with  the  forceps  are  composed  of  more 
delicate  lamellae  similarly  arranged,  ajid  depending,  not  as  was  for^ 
merly  supposed  upon  any  particular  arrangement  of  the  bone  corpus- 
cles, but,  according  to  the  observations  of  Tomes  and  Dc  Morgan, 
upon  a  linear  disposition  of  the  granules  or  granular  cells  imbedded 
in  the  more  clear,  homogeneous,  or  slightly  granular  matrix,  each 
lamella  presenting  a  more  transparent  and  a  more  opaque  portion. 


*  Qns.m'9  Aimionii/f  1856,  i-  p.  trxx. 

*  Tbk  ia  well  roprcseiited  in  Lobsteios  TraiU  i^Anaiomk  pathol4)ffique,  PL   in. 
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This  lamellatcd  an-angemeiit  of  osseous  tissue  has  been  com- 
pared witli  that  seen  in  the  sections  of  many  urinary  calculi,  and  may 
be  compared  also  with  that  found  in  tlie  trunks  of  exogenous  trees, 
in  most  shells,  in  phleboliths,  in  certain  coagula,  and  in  many  other 
stnictures.  Indeed  the  tendency  to  a  disposition  in  laminm  is  a 
very  remarkable  feature  in  organized  solids*  Such  disposition  must 
depend  upon  partial  interraissions  in  the  deposition  of  the  particles 
wliich  compose  those  solids,  or  upon  variations  in  the  manner  of 
their  deposition,  and  would  seem  to  indicate  that  a  greater  or  leas 
periodicity  in  tlie  activity  of  its  processes  is  a  common  occurrence 
in  nutrition;  so  common  that  it  probably  deserves  to  be  regarded  as 
a  law  of  nutrition.  The  periods  of  alternation,  so  to  speak,  may 
vary  greatly  in  different  bodies  and  in  dilierent  textures ;  but  gene- 
ral analogy  would  lead  us  to  suppose  that  they  are  like  those  of  the 
solar  system— regular— and  that  they  take  place  in  the  softer  stmc- 
tiircs,  in  which  their  impressions  cannot  be  tracedj  no  less  than  in 
the  bones.  It  need  scarcely  be  added  that  periodicity  is  a  well- 
established  fact  in  many  diseases,  as  well  as  in  many  natural  pro- 
cesses; a  fact  of  which  no  explanation  can  be  given  unless  it  re:?ultB 
from  some  such  law  of  nutrition  as  that  just  alluded  to  as  a  pro- 
bable cause  of  the  lamination  of  bone. 

THE   SHAPE  OF  THE  BONES 
shApecon-       ^3  \^  ^^^,\i  particular  case  moulded  in  adaptation  to  the 

fQniied  to  ^    _  -"^  ^  *  ^ 

ardietnw.  positioii  tlic  boue  occujjies  and  the  purj^oses  it  has  to 
serve.  Nevertheless  there  are  certain  general  principles  observed 
in  the  construction  of  the  skeleton.  Thus  each  bone  is,  in  a 
greater  or  less  degree,  conformed  to  the  corresponding  bone  in  otlier 
animals,  or  rather  to  the  archetyi^al  plan  upon  which  that  bone  is 
constmctcd  in  the  whole  animal  series.  For  instance,  a  general 
resemblance  is  easily  traceable  in  the  humerus  of  the  reptile,  to 
that  of  the  bird,  and  of  man;  and  there  is  a  similar  resemblance 
between  the  coiTesponding  bones  of  the  two  extremities  in  the 
several  classes  of  animals. 

ExteriOTu  dense,  Sccoudly,  the  cxtcrior  of  a  boue  is  always  dense  in 
^^*^^"*^°^' comparison  with  the  interior;  the  latter  being  either 
cancellous  or  hollowed  out  into  a  cavity.     By  this  arrangement 
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the  bones  are  rendered  much  lighter  tlian  they  would  otherwise 
he  with  little  loss  of  strength.  This  principle  is  carried  to  great 
perfection  in  birds,  the  interior  of  the  bones  being  in  them  (in 
many  of  them  at  least)  filled  with  air.  In  the  delicacy,  the  abun- 
dance, and  exquisite  arrangement  of  its  cancellated  structure,  how- 
eyer,  the  human  skeleton  exceeds  that  of  any  other  animal. 
Bhaftowidex-  Thirdly,  the  middle  parts  or  '* shafts"  of  the  long 

bones  are  Bmall  in  circumference  and  dense  in  structure, 
so  as  to  make  room  for  the  fleshy  l>el!ies  of  the  muscles  which 
occupy  the  interspaces  between  the  joints.  The  extremities  of  the 
same  bones  are  expanded  by  a  cancellated  disposition  of  the  osseous 
laminsB  in  their  interior,  so  as  to  render  the  joints  more  secure,  and 
to  afford  better  leverage  to  the  muscles  and  more  room  for  their 
attacliment.  The  wide  surface  of  contact  thus  provided  also  serves 
to  distribute  the  forces  commimicated  from  one  bone  to  another 
over  a  large  space,  and  prevents  their  operating  injuriously  upon 
any  one  point* 

It  is  interesting  to  observe  the  manner  In  which  the  cancelli  are 
arranged  near  the  extremities  of  the  bones  so  that  the  direction  of 
their  plates  is  chiefly  perpendicular  to  the  articular  surface,  and 
therefore  in  the  line  of  the  pressure  the  hone  has  to  bear ;  thus 
affording  the  most  effective  support.  This  is  well  seen  in  the 
representations  of  sections  of  the  femur  and  tibia»  In  some  parts 
they  fonn  a  dense  network  beneath  the  articular  surface  which 
serves  the  same  purpose.  (See  the  astragalus  in  plate  of  section 
of  the  bones  of  the  foot.) 

Although  there  is  great  difference  in  size  between  the  shafts  and 
the  extremities  of  the  long  bones,  there  is  not  so  much  difference  in 
the  actual  amount  of  osseous  matter  contained  in  them  as  might  be 
supposed;  for  portions  of  er^ual  length  cut  from  both  parts  weigh 
nearly  the  same.  In  the  shafts,  tlic  density  of  the  osseous  structure, 
through  the  mutual  support  afforded  by  the  close  contact  of  its 
particles,  nearly  makes  amends  for  the  smaller  area  upon  which  the 
weight  is  borne  by  tliem,  and  for  the  greater  disadvantages  of 
leverage  against  wliich  they  have  to  contend — it  being  always  easier 
to  break  a  cylinder  at  the  middle  than  near  either  end — as  well  as 
for  their  more  or  less  carved  form.     I  say,  nearly  makes  amends, 
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for  it  does  not  do  so  completely.  Hence  the  sliafta  are  in  tlie  adult 
weaker  and  more  liable  to  fractum  than  the  extremities.  Some 
assistance  is  furnished  to  them  by  ridges  and  processes  thrown  out 
at  the  parts  where  they  are  most  needed,  as  along  the  concavitiea 
of  the  curves.  These  projections  result  in  great  measure  from  an 
actual  thickening  of  the  walls  of  the  shaft*?;  the  medullary  cavities 
not  deviating  to  an  equal  extent  from  their  cylindrical  form  (see 
plate  of  sections  of  thigh-bones).  The  latter,  therefore,  do  not 
correspond  closely,  thoogli  they  do  in  a  general  manner,  with  the 
shape  of  the  exterior  of  the  shafts. 

It  may  be  remarked,  that,  as  a  general  rule,  the  parts  at  which 
the  shafts  are  narrowest  are  not  exactly  at  the  middle  of  the  bone; 
but  cither  a  little  above  or  a  little  below  the  middle.  They  arc  the 
hardest  parts,  often  the  most  curved  parts,  and  the  parts  at  which 
the  ridges  just  mentioned  stand  out  moat  prominently.  One  might 
suppose  they  would  indicate  the  point  at  which  ossification  of  the 
shaft  had  commenced;  but  tliis  is  not  always  the  case,  inasmuch  ad 
they  do  not  always  coincide  with  the  canal  for  the  medullary  artery ; 
and  the  latter  marks  the  spot  at  which  the  osseous  nucleus  was 
first  foi-med. 

canea  xnd  ^^^^  boucs  are  in  vcry  few,  or  in  no  instances,  found 

Twi»t»,  ^Q  ]^^  3ti\aight,     The  variety  of  curves  and  twists  which 

they  present  gives  a  slight  obliquity  to  all  the  movements,  which 
has  a  great  influence  in  imparting  ease  and  grace  to  the  carriage. 
Take  any  of  the  bones;  it  will  be  found  that  its  articular  surfaces 
do  not  lie  in  parallel  planes,  and  the  planes  in  which  it  moves 
upon  the  contiguous  bones  do  not  coincide  with  one  another  or 
with  its  own  axis.  Hence  none  of  the  movements  of  the  limbs 
are  in  tndy  perpendicular  planes;  and  they  are,  consequently,  less 
stiff  and  awlcward  than  they  would  otherwise  be.  Moreover, 
these  curves  and  twists,  by  imparting  greater  elasticity  to  the 
bones,  have  much  influence  in  preventing  the  communication  of 
jars  from  one  part  to  anotlier,  thus  lessening  the  liability  to 
fractures,  dislocations,  and  other  injuries  of  the  skeleton  as  well 
as  that  to  concussion  and  laceration  of  the  soft  parts.  By  the 
direction  which  they  take  they  afford  additional  space  and  leverage 
to  the  muscles  where  those  are  most  required;  the  concavity  of  the 
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curve  being  generally  on  the  side  on  wliicli  the  most  powerful 
muscles  are  situated,  e.g.  on  the  back  part  of  the  thigh  and  leg, 
and  oil  the  fore  part  of  the  arm  and  forearm.  As  a  general  rule, 
tliese  flexures  are  more  marked  in  short  persons  than  in  the  tall; 
and  the  greater  proportionate  muscular  strength  of  the  former, 
constituting  a  sort  of  compensation  for  the  deficiency  of  tljeir 
stature,  is,  in  part,  attributable  to  the  greater  curvature  of  their 
bones. 

BonKLiie>u*A  Besides  the  ridges  above  mentioned,  which  are  in- 

and  j^roocascs,  tcuded  to  strengthen  the  shafts,  there  are  many  rough- 
nesses and  projecting  processes  which  have  relation  to  the  attach- 
ment of  muscles,  ligaments,  and  other  ministers  of  locomotion. 
They  are  found,  not  along  the  length  of  the  bones  where  the  mus- 
cular fibres  chiefly  arise,  so  much  as  near  the  ends  of  the  bones 
where  the  tendinous  prolongations  of  the  muscles  and  the  liga- 
ments are  implanted.  They  serve  the  purpose  of  increasing  tlie 
extent  of  surface  and  connexion  between  the  tendons  and  the 
bones,  thereby  strengthening  that  connexion  to  such  a  degree 
that  it  rarely  or  never  gives  way.  Either  the  tendon  itself  may 
be  snapped,  or  the  process  of  bone  into  which  it  is  implanted 
may  be  torn  off;  but  the  bond  of  union  between  the  two  is  very 
rarely  severed,  provided  the  force  be  applied  in  the  direction  in 
which  the  tendon  or  ligament  is  intended  to  resist.  It  is  neces- 
sary to  add  the  latter  proviso  because,  when  a  fibrous  stmcture  is 
pulled  in  an  opposite  direction  to  that  in  which  it  is  calculated 
to  resist  traction,  it  may  sometimes  be  torn  away  from  the  bone 
^vithout  much  difficulty.  Such  great  strength  is  rendered  necessary 
by  the  fact  that  each  tendinous  fibre  is  the  cord  by  which  many  mus- 
cular fibres  are  attached  to  the  bone,  and  it  has,  therefore,  to  bear 
a  considerable  pull  during  the  contractions  of  the  mu.scle.  It  results 
from  this,  that  a  rough  spot  on  a  bone  indicates  it  to  be  a  point  of 
attachment  not  of  muscular  but  of  tendinous  or  ligamentous  fibres. 
For  instance,  the  flesiiy  fibres  of  the  subscapularis  muscle  are 
attached,  not  to  the  rough  ridges  on  the  under  surface  of  the 
scapula,  but  to  the  smooth  interspaces  which  the  bone  presents;  the 
ridges  being  reserved  for  the  tendinous  intersecting  bands  of  the 
muscle  and  for  the  processes  of  the  subscapular  fascia. 
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The  projecting  processes  serve  tlic  furtlier  purpose 
i«T«ni«cto  of  increasing  tlie  leverage  of  the  muscles  connected 
mBMiet,  ^j^j^  them*     They  do  this,  of  course,  by  distancing  the 

point  of  att^iehment  of  the  muscle  from  the  centre  of  motion  in 
the  joint;  hut  in  proportion  as  power  is  gained  in  this  way  sa 
must  velocity  of  movement  be  aacrificed.  Hence  we  find  that 
where  quick  motion  is  of  ranch  importance  these  processes  are 
suppressed;  and  it  is  only  where  great  strength  is  required  that 
they  are  thro^Ti  into  much  relief.  Compare  for  instance  the 
skeleton  of  the  stag  with  that  of  tlie  rliinocoros.  In  tlie  latter 
the  various  processes  for  attachment  of  muscles  are  of  huge  size; 
in  the  former  they  are  small.  Compare  also  the  insignifici^nt 
tubercles  at  the  upper  extremity  of  man's  humerus  with  the  enor- 
mous con'esponding  processes  of  pachydermatous  and  many  gra* 
rainivorous  animals.  It  is  obvious  that  the  fact  of  these  pro- 
cesses and  roughnesses  for  the  attachment  of  tendons  being,  for 
the  most  part,  situated  near  to  the  joints  upon  which  the  muscles 
act^  must  be  attended  with  a  considerable  loss  of  power ;  but  it  is  in 
the  same  degree  favourable  to  that  rapidity  of  movement  which  is, 
in  the  human  frame  at  any  rate,  of  far  more  importance.  It  is  so 
because  the  space  through  vrhich  the  muscles  draw  their  respective 
points  of  insertion  is  many  times  multiplied  at  the  other  end  of  the 
bone.  For  instance,  the  space  through  which  the  tubercle  of  the 
radius  is  drawn  by  a  given  amount  of  contraction  of  the  biceps 
flexor  of  the  forearm,  is  many  times  multiplied  in  the  hand;  it  is 
multiplied  in  proportion  as  the  segment  of  the  circle  which  the 
hand  descrilics  aroimd  the  lower  end  of  the  humerus  is  greater  than 
that  described  by  the  tubercle  of  the  radius,  and  the  loss  of  power 
18  necessarily  In  a  similar  ratio.  It  Is  in  consequence  of  this  attach- 
ment of  the  flexor  and  extensor  tendons  near  to  the  centre  of 
motion  of  the  elbow,  that  we  acquire  that  rapidity  of  movement  of 
the  forearm  whicli  is  essential  to  the  sti-iking  a  blow,  the  driving  a 
nail,  and  the  perfi^rraance  of  a  multitude  of  useful  offices. 

From  the  relations  already  shewn  to  exist  between 

lotbeitraigUi    the  boucs  and  the  muscles,  it  will  be  readily  supposed 

'"  that  these  processes  and  roughnesses  are  most  strongly 

marked  in  the  skeletons  of  those  persons  whose  muscles  are  the 


OM  THE  SKELETON. 


15 


^ 


most  powerfol.  We  need  riot  on  that  account  necessarily  infer 
that  they  owe  their  existence  and  their  size  directly  to  the  trac- 
tion exerted  upon  them  by  the  tendons ;  though  it  ia  not  impro- 
bable that  they  do  so  in  some  measure.  In  this  and  many  other 
points  in  the  formation  of  the  skeleton  the  direct  relation  between 
cause  and  effect  is  not  very  obvious,  often  we  cannot  specify  the 
proximate  cause  at  all.  That  the  origin  of  these  prominences 
is  not  unlirely  owing  to  the  pull  of  the  muscles  upon  them,  but 
is  due,  in  part  at  least,  like  the  curves  in  the  shafts,  &c.,  to  the 
same  developmental  forces  wliich  call  the  bone  into  existence, 
is  proved  by  their  being  modelled  in  the  fcetal  ctirtilage  and  by 
their  not  unireqiiently  possessing  an  independent  centre  of  ossi- 
fication, as  in  the  case  of  the  trochanters  of  the  femur  and  the 
tubercle  of  the  radius.  In  some  parts  also,  where  there  is  neither 
a  separate  osseous  nucleus  nor  a  jutting  out  of  the  fa?tal  cartilage, 
there  is,  in  the  position  of  the  future  projection,  a  bed  of  fibrous 
tissue  upon  the  surface  of  the  shaft.  This  is  well  marked  along 
the  line  of  attachment  of  the  ghitsaiis  maximua  to  the  femur';  and 
it  is  by  the  progressive  ossification  of  this  fibrous  tissue,  in  the  same 
manner  as  by  the  ossification  of  the  cartilage  in  other  parts,  that  the 
projection  of  the  bone  is  effected.  The  tendency  to  a  continuance 
of  the  ossifying  processes  at  these  parts  goes  on  with  advancing 
years  so  strongly,  that  in  many  instances  it  involves  tlie  tendons  and 
fascia5  Avhere  they  are  implanted  into  the  bones,  and  is  the  cause  of 
the  somewhat  anomalous  fact,  that  the  projections,  ridges  and  other 
asperities,  are  often  more  pronounced  in  the  skeletons  of  the  aged 
than  in  those  of  yoimg  persons. 

The  same  developmental  powers  which  originate  and  give  ex- 
pression to  the  ridges  and  processes,  must  be  regarded  as  being,  in 
some  measure,  the  c^iuse  of  the  various  ffrooues  in  which  the  tendons 
play,  and  still  more  of  the  pits  into  which  they  are  here  and  there 
implanted.  The  latter,  of  which  one  is  found  on  the  inside  of  the 
great  tn:>chanter  of  the  femur,  and  another  on  the  forepart  of  the 
condyle  of  the  lower  jaw,  serve,  like  the  processes,  the  purpose  of 
increasing  the  extent  of  surface  for  the  attachment  of  the  tendinous 


^  See  tbU  projeciion  m  rcprcaent&ticm  of  seoiton  of  Femur  ftt  Births  PL  I.  ig.  3.  p.  35. 
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and  ligameB toils  fiVvres.  They  arc  made  use  of  where  projec- 
tions would  be  inconvenient,  or  wliere  the  leverage  afforded  by 
them  would  be  useless.  In  the  instances  mentioned,  the  fibres  of| 
the  short  rotators  in  the  one  case^  and  of  the  pierygoidmm  exf^rnus  in 
the  other,  run  at  right  angles  to  the  surface  a  of  the  trochanter  and 
the  condyle  into  which  they  are  implanted,  and  would  consequently 
have  gained  nothing  by  the  jutting  out  of  the  bone«  at  the  points 
of  their  attachment. 

We  hear  sometimes  the  expression  *' duality"  ap-" 
notAPpucubits    ]]bed  to  the  nervous  system ;  and  tlicories  w^ith  regard 
tothcakftietoa.  ^^   ^j^^   duality   of  the   mind   have  been   baised  upon 
that  construction  of  the  brain  in  tw*o  lialvcs,  which  has  suggested 
the  phrase.      With    as   much  propriety  might  we  speak   of  the 
duality  of  the  skeleton^  or  of  any  body  whose  parts  are  disposer 
symmetrically  about  a  centre.     TIic  skeleton  originally  consis' 
of  a  linear  axis   corresponding  with  the  bodies   of  the  vertebra?, 
and  lying  in  the  long  axis  of  the  embrj^o.     From  this  processes 
jut  out  in  pairs,  forwards,  backwards  and  on  cither  side.     Certain 
lateral  processes  projected  from  the  trunk,  extend  a  considcrabl 
distance  and  fomi  the  limbs.     The  several  processes  are  almost 
exactly  sjTumetrical  in  their   shape  and  growth,  and,   as   might 
be  expected,  are   symmetrical  also  in  the  liability  of  their  com* 
ponent  parts  to  disease*     Hence  we  so  often  find  the  same  parts  of; 
corresponding  bones  affected  with  sjqphilis,  rickets,  ulceration,  &c.* 
Tliia  mode  of  symmetrical  development  about  a  linear  axis  obtaina 
also   in  the  nervous,  the  vascular,   and   the  mucous   systems  oj 
the  embryo,  although  as  development   goes  on   the   symmetrical, 
arrangement  of  some  of  the  great  circulatory  and  digestive  organa^ 
ia  departed  from, 

So  generally  are  the  bonea  of  the  skeleton  disposed  in  pairs,  as 
to  suggest  the  probability  that  those  which  occupy  the  median  line, 
such  as  the  bodies  and  spinous  processes  of  the  vertebrae,  the  vomer, 
occipital  bone  and  sternum,  are  composed  also  of  lateral  portions 


»  Attention  wim  firat  eflpociaJly  directed  to  the  relation  between  Bymmetry  and 
diseaao  by  Br  Bndd  and  Mr  Fugei  in  tho  asth  Tolume  of  the  Medico-adrurfficai 
TrarnadiimM. 
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united  together.  Several  circumstances  tend  to  confirm  that  view; 
and  in  most  of  the  bones  mentioned  it  can  be  proved  to  be  so  by 
obBenang  the  manner  of  their  development.  In  the  case  of  the  bodies 
of  the  vertebrae,  however,  this  has  not  yet  been  clearly  made  out* 
Whether  they  are  ^o  or  not— that  is,  wliether  the  axial  centre  of 
the  vertebrate  system  is  resolvable  into  two  halves  or  not— matters 
little,  inasmuch  as  the  disposition  of  the  parts  of  a  body  symmetri- 
cally about  an  axis,  whether  that  axis  is  real  or  an  imaginary  line, 
cannot  constitute  duality  in  the  body  itself.  The  term  may  be 
properly  applied  to  the  component  par^  of  the  nervous  system  and 
to  the  several  bones,  but  not  to  either  the  nervous  system  or  the 
skeleton  as  a  whole. 

There  are  about  220  bones  in  the  skeleton.  That 
is  to  say,  220  separate  bones  in  the  adult  skeleton, 
namely,  in  the  skull,  24;  in  the  upper  extremities  (34  in  each, 
including  the  clavicle  and  scapula]  68;  in  the  lower  extremities 
(32  in  each)  64;  in  the  tnmk,  56,  This  is  exclusive  of  the  teeth 
and  the  oasicula  auditus.  The  number  varies  at  different  periods 
of  life.  In  the  child  and  young  person  they  are  more  numerous, 
owing  to  the  segments  in  which  most  of  the  bones  are  formed 
not  *havmg  grown  together.  Many  of  these  segments  are  the 
representatives  of  separate  bones  in  some  of  tlic  lower  animals. 
After  the  adult  period  tlie  number  is  fiirther  diniinishcd  by  the 
union  of  some  of  the  bones  of  the  skidl ;  for  instance,  of  the 
sphenoid  and  occipital,  and  it  may  be  also  of  the  firontnl,  parietal 
and  occipital,  causing  an  obliteration  of  the  sutures. 


Number  of 
MpArate  bonea. 


of 


THE   PERIOSTEUM. 

The  bones  arc  all  sun-ounded  by  a  tough  fibrous 
membrane,  the  periosteum,  which  corresponds  with  the 
fibrous  capsules  of  other  organs.  Besides  other  offices 
presently  to  be  mentioned,  the  periostetim  serves  the  very  im- 
portant purpose  of  isolating  the  bone  from  surrounding  tissues,  and 
preventing  the  spread  of  disease  from  them  to  it.  Any  one  who 
has  watched  the  progress  of  disease — of  inflammatory  disease  pajr- 
ticularly  —  cannot  have  failed  to  observe  how  very  frequently  it 

2 


^  UBRARV.  SIAMfQRu  ^A  J 


18 


GENERAL  OBSERVATIONS 


IS  confined  to  a  certain  stratum  of  tissue^  spreading  along  that 
tissue  for  a  considerable  distance  without  encroaching,  it  may  be 
at  all,  upon  the  adjacent  strata  above  and  below  it.  Thus  an 
inflammation  often  travels  over  the  akin  covering  a  whole  limb, 
or  it  may  remain  for  some  time  fixed  at  any  one  part  of  the  skin, 
without  ever  affecting  the  subcutaneous  cellular  tissue.  So  again 
it  is  no  uncommon  thing  for  suppuration  and  other  results  of 
inflammation  to  take  place  over  a  large  tract  of  the  last-named 
structure,  without  spreading  to  the  skin  on  the  one  side  or  the  sub- 
jacent fascia  and  muscles  on  the  other.  How  often  does  pleurisy 
run  its  course  without  involving  the  pulmonary  tissue;  and  con- 
jmictivitis  may  go  on  for  weeks  or  months  without  any  detriment 
to  the  internal  tunics  of  the  eye.  In  this  way  the  several  strata  of 
tissue  intervening  between  the  skin  and  the  internal  organs  form  a 
vast  protection  to  the  latter,  constituting  so  many  barriers  against 
the  invasion  of  disease  firom  the  exterior.  Were  it  not  for  this  ar- 
rangement how  fraught  with  danger  would  each  skin-woimd  prove; 
as  there  would  be  nothing  to  arrest  the  spread  of  inflammation  firom 
it  to  the  vital  organs  within.  That  the  periosteum  affords  this  pro- 
tection to  the  bones  there  can  be  no  doubt;  and  the  shin-bone  is 
most  deeply  indebted  to  it  for  its  comparative  immunity  in  cases  of 
ulcer  of  the  leg.  Now  and  then,  it  is  true,  the  long  continuance  of 
an  ulcer  upon  the  skin  covering  the  bone  leads  to  inflammation  of 
the  periosteum  and  thickening  of  the  bone  immediately  beneath; 
but  this  is  a  comparatively  rare  occurrence.  The  advantage 
afforded  by  this  isolation  of  bone  through  the  medium  of  the  perios- 
teum is  most  forcibly  presented  to  us  by  the  manner  in  which  those 
bones  fare,  where  the  periosteum  does  not  form  so  complete  and 
distinct  a  sheet  between  the  bone  and  the  surrounding  parts.  Thus 
the  terminal  phalanges  of  the  fingers  and  toes  are  connected  with 
the  skin  by  means  of  tough  fibrous  threads  which  run  firom  the 
deeper  layers  of  the  cutis  into  the  bone  itselfj  blending,  as  it  were, 
the  skin  and  intervening  tissue,  through  which  they  pass,  with  the 
phalanges;  and  cases  are  every  day  coming  under  our  notice  in 
which  these  bones,  or  the  distal  ends  of  them,  perish  in  consequence 
of  inflammation  extending  to  them  from  the  surrounding  cellular 
tissue*    The  other  bones  of  the  hand  and  foot  are,  to  some  extent. 
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circumstanced  in  a  similar  manner  and  are  subject,  though  in  a 
much  less  degree,  to  a  like  extension  of  the  morbid  process.  This 
is  probably  the  cause  of  our,  now  and  then,  finding  the  bones  and 
joints  of  the  carpus  and  tarsus  involved  in  cases  of  phlegmonous 
erysipelas  of  the  hand  and  foot. 

The  periosteum  is  vascular,  and  is  the  means  by 
niiuidoisiry-  which  the  external  layers  of  the  shafts  and  the  greater 
part  of  the  spongy  portions  of  the  bones  are  supplied 
with  blood.  The  vessels  form  plexuses  in  its  substance,  and  pass 
from  it  through  the  nu^nerous  foramina  that  are  visible  on  the 
exterior  of  the  bone,  carrying  with  them  delicate  sheaths  of  fibrous 
tissue  which  assist  in  binding  the  membrane  to  the  bone.  From 
the  internal  surface  of  the  periosteum  also  is  produced  a  layer  of  soft 
blastema,  by  means  of  which  additions  are  made  to  the  exterior  of 
the  growing  bones.  The  process  of  ossification  going  on  in  the 
inner  part  of  this  blastema  contributes  to  the  thickness  of  the  bone; 
while  a  fresh  supply  is  continually  being  added  to  the  exterior  of 
the  blastema  through  the  medium  of  tlie  vessels  of  the  periosteum, 
connoetioii  I^  fcctal  and  young  bones  the  periostemn  is  thick 

■SSuDToimg  ^^^  vascular,  and,  in  consequence  of  the  presence  of  a 
'^o**^  considerable  quantity  of  this  soft  growing  blastema,  is 

very  easily  separable  from  tlie  bone,  particularly  from  the  shafts  of 
the  bones.  So  that  blows  are  likely  to  cause  an  efiusion  of  blood 
beneatli  the  periosteum  which  may  induce  suppuration,  leading  to 
fiirther  loosening  of  the  membrane,  and  perhaps  necrosis.  In  the 
operation  of  amputation  also,  unless  care  be  taken  in  sawing  the 
bone  and  in  the  subsequent  s{>onging  and  other  manipulfitions,  the 
periosteum  is  very  likely  to  be  detached  to  a  considerable  distance 
from  the  cut  end  of  the  bone,  Tlie  periosteum  is  closely  connected 
with  the  epiphysial  cartilages,  and,  passing  from  them  u[x>n  the 
ahtifta,  constitutes  an  important  l>ond  of  luiion  between  the  two.  If 
the  periosteum  be  dissected  off,  the  epiphysis  is  easily  separated 
^4th  it^;    the  direct  medium  of  union  between  it  and  the  shaft, 


1  Tho  m&nner  in  which  the  epiphysefl  are  oocmdcted  with  the  perioeteimi  and  the 
eaae  with  wbich  they  may  be  detached  togetbdr  from  the  Bhnh,  led  Jhi  Hamel  to 
regard  the  epiphyses,  as  well  aa  the  mtermediate  and  ariioular  c&riMage,  ft8  formed 
by  a  thickening  of  tho  periosteum. — Mimmrea  de  TAcadimk  RoyaUf  1 743^  p.  T43« 
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which  la  soft  and  blastematousi,  easily  giving  way.  This  is  so 
even  after  ossification  has  taken  place  in  the  epiphysis.  Hence 
we  not  unfrequently  meet  with  instancea  in  which  the  epiphysis 
has  been  accidentally  detached  from  the  shaft,  but  remains  bound 
to  it  by  the  periosteum;  the  continuity  of  the  latter  preventing 
displacement,  and  masking  the  nature  of  the  injury.  In  like 
manner,  fractures  of  the  shafts  in  yoimg  persons,  particularly  in 
the  instance  of  the  clavicle,  are  often  unattended  with  laceration 
of  tlie  periosteum  ;  and  arc,  consequently,  lial>!e  to  escjijK?  detection. 
There  may  lie  no  crepitus  discoverable,  the  only  definite  indication 
of  fractm^e  being  funiished  by  the  facility  with  which  the  bone  can 
be  bent  at  the  injured  part. 

dowfi-iiitJie  ^^  years  roll  on  the  periosteum  l>ecomes  less  thick 

MiuitAiidftgetL  j^j^^  vascular,  and  its  connection  \rith  the  bone  becomes 
closer,  the  quantity  of  soft  intervening  blastema  being  less.  At  the 
same  time  the  periosteum  ceases  to  be  the  cliief  bond  of  connection 
between  the  epiphyses  and  the  shafts;  for  tlie  direct  uniting  medium 
between  the  two  Ijccomcs  firmer,  and,  gradually  ossifying,  holds 
them  80  strongly  together,  that  after  early  childhood  the  line  of 
xmion  is  capable  of  offering  as  much  resistance  as  any  part  of  the 
bone.  In  old  persons  the  periosteum  is  very  thin  and  its  vessels 
are  sciinty.  The  blastema  has  dis>jq)j)ear<:^d,  the  process  of  ossifica- 
tion seems  to  encroach  upon  the  iimer  layers  of  the  periostemn 
itself,  and  the  membrane  is  with  difficidt}-  separable  from  the  bone. 
It  follows,  that  in  adidts  and  old  persons  separation  of  the  perios- 
teum is  less  likely  to  follow  from  blows;  and  when  fracture  occurs, 
the  periosteum  is  almost  invariably  torn  through,^ — in  the  adult,  it 
may  be,  at  some  part  only,  in  the  aged  it  is  generally  rent  in  its 
whole  circumference. 

Where  dowiy  ^o  the  spongj  bones  and  to  the  long  bones,  near 

■**■****■  their   articular  ends,    where   it  would  be  likely  to  be 

disturbed  by  the  movements  of  the  joints,  tlie  periosteum  is  closely 
connected  with  tlie  surface  of  the  bone;  also,  wherever  it  covers 
a  prominent  and  exposed  portion  of  bone,  as  the  patella,  olecranon, 
great  trochanter,  &c.,  also  where  tendinous  fibres  are  implanted  into 
the  bone.  In  the  latter  case  the  periosteum  is  commonly  absent, 
the   tendons  being  implanted  directly  into  the   bone   itself.      In 
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all  these  situations,  indeed  at  whatever  parts  the  union  between 
the  bone  and  the  periosteum  U  close,  the  latter  is  torn  through 
when  the  former  is  broken.  It  is  simplj  torn  through  without  being 
detached  from  tbe  surfaces  contiguous  to  the  fracture;  and  there  is, 
accordingly,  little  external  callus  fonned  in  the  reunion  of  the 
fracture^  Along  the  shafts  of  long  bones,  and  on  the  concave  aides 
of  flat  bones,  on  the  other  hand,  w!iei-e  the  exposure  to  injury  from 
similar  causes  is  comparatively  sliglit,  and  where  muscular  fibres  for 
tlie  most  part  arise,  the  periosteum  is  less  closely  united  to  the 
bones,  is  consequently  more  easily  detached  from  them  when  frac- 
ture occurs,  and  there  is  usually  a  greater  quantity  of  external 
callus  produced. 

By  "external"  callus  I  mean  that  which  is  often  called  ''  tem- 
porary" or  "provisional"  callus.  It  surrounds  the  tracture  and 
rmis  up  alongside  the  bone  beneatli  the  periosteum  where  the  latter 
has  been  detaclied  from  the  bone.  The  amount  of  it  is,  therefore, 
generally  proportionate  to  the  extent  of  separation  of  the  periosteum. 
It  is  a  happy  provision  tliat  the  periosteum  is  most  easily  detached, 
and  the  external  callus  is  most  abundantly  formed,  aljout  the  shafts 
of  bones  J  because  the  dense,  bloodlesB  quality  of  the  bone  there  is 
ill-adapted  to  supply  the  medium  of  reparation,  and  because  the 
consolidation  of  the  fracture  is  tliere  more  likely  to  be  disturbed  by 
movement.  Near  the  extremities,  where  tbe  periosteum  is  less  easily 
separated,  external  callus  is  less  required,  for  the  bone  itself  is  more 
vascular  and  therefore  better  able  to  supply  the  reparative  medium, 
the  siu^aces  of  contact  are  greater  and  tlie  liability  to  displacement 
is  less. 

This  leads  me  to  the  remark  that  the  periosteal  ves- 
sels afford  not  only  the  means  by  which  the  bones  grow 
at   their   circumference,    but   the  chief  means  also   by 
which  their  nutrition  is  maintained  and  by  which  they 
are  repaired  or  reproduced   when   injured   or  destroyed-     Hence, 
whenever  we  find  that  tbe  periosteum  has  been  detached  by  sup- 
pm^ative  disease,  or  in  the  Ciise  of  a  wound,  we  apprehend  that  the 
exposed  portion  of  bone  will  perish,  except  in  the  instance  of  the 
skull,  which  derives  its  chief  supply  from  the  dura  mater.    Never- 
^      tireless  this  is  not  quite  so  necessary  a  sequence  as  it  is  commonly 
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stipiKJsed  to  be.  Thus  the  end  of  the  bone  in  a  stump,  though  it 
may  be  bared  of  periosteum  for  some  distance,  does  not  always 
necrose.  In  excising  the  bones  of  an  elbow-joint  crushed  between 
the  buffers  of  railway  carriages,  I  left  the  humerus  bare  for  nearly 
an  inch  above  the  sawn  end ;  but  the  wound  healed  up  Wthout  any 
further  loss  of  bone.  In  a  little  boy  the  periosteum  was  detached 
from  the  fibula  to  a  considerable  extent  by  suppuration;  yet  no 
necrosis  took  place.  A  gentleman  received  a  severe  contused  wound 
on  the  shin;  subsequent  events  proved  the  tibia  to  be  exposed  and 
necrosis  was  confidently  predicted;  but  he  escaped  w^ithout  it. 

That  the  periosteum  has  much  to  do  wnth  the  reproduction  of 
bone  is  proved  by  exi>criments,  winch  show  tliat  if  a  portion  of 
bone  be  removed  its  place  is  supplied  with  much  more  certainty  and 
expedition,  provided  its  periosteum  has  been  left,  than  when  it  has 
been  taken  aw^ay*  The  results  of  these  experiments  suggested  to 
Mr  Jordan*  the  plan  of  dissecting  up  and  reflecting  the  periosteum 
from  the  ends  of  an  ununited  fracture,  previously  to  refreshing  the 
surfaces  of  the  bone  with  the  saw.  I  tried  this  in  a  case  of  fracture 
of  the  femur  where  bony  union  had  not  taken  place  18  months 
after  the  accident,  and  found  it  no  easy  matter  to  succeed  in 
doing  it  effectually,  because  the  periosteum  was  so  closely  united  to 
tlie  bone  at  and  near  the  fracture*  The  patient,  a  middle-aged 
man,  died  of  erysipelas. 

In  the  nasal  and  tympanic  cavities,  where  a  mucous  membrane 
rests  upon  the  periosteum,  the  two  are  so  closely  united  together  as 
to  form  one  membrane,  A  similar  cohesion  also  exists  between 
the  dura  mater  of  the  brain  and  the  periosteum  of  the  interior  of 
the  skidl. 

It  has  been  already  mentioned  that  the  periosteum  is  commonly 
interrupted  at  the  parts  where  tendons  and  ligaments  are  implanted 
into  the  bones;  the  tendinouB  fibres  being  attached  directly  to  the 
elevations  and  depressions  on  the  surface  of  the  bone.  Some  of 
these  tendons  are  found  by  KoUiker  to  contain,  close  to  the  bones, 
delicate  isolated  cartilage  cells  between  their  fibres,  w^hich,  probably, 
accounts  for  the  fact  that  ossification  occasionally  spreads  from  the 
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bone  and  iiiYolvea  a  considerable  portion  of  tlie  tendon.  In  some 
instanced  the  periosteum  is  not  interrupted,  but  ita  fibres  are  con- 
tinuous  with  those  of  the  tendon.  The  same  author  describes  the 
periosteum  to  consist  in  most  places  of  two  lajers;  an  outer  layer, 
composed  of  fibrous  tissue  with  fat-cells,  in  which  the  veaaek  and 
nerves  take  their  course,  and  an  inner  one,  consisting  of  elastic 
tissue  arranged  in  one  or  more  sheets.  The  vessels  and  nerves  run 
through  this  latter  in  their  course  to  the  bone.  It  was  the  opinion 
of  Du  Hamel  and  Havers  that  the  periosteum  is  composed  of  a  series 
of  laminjE  separable  by  macenxtion ;  and  the  former  observer  held 
the  view,  which  modem  anatomy^  has  shown  to  be  partly  true, 
that  the  bones  increase  in  thickness  by  the  addition  and  ossifica- 
tion of  successive  laminae  of  periosteum  on  their  exterior'. 


THE  VESSELS  OF  BONE, 


PedoAtcal 
arteriiM 


Consistently  with  what  has  been  just  stated  respect- 
ing the  importance  of  the  periostemn  to  the  formation, 
maintenance  and  reproduction  of  bone,  it  is  found  that  the  osseouB 
tissue  derives  its  vessels  chiefly  from  the  periosteum.  The  arteries 
enter  the  bones  at  many  points,  through  the  pores  seen  on  their  sur- 
faces, which  are  comparatively  few  and  of  small  size  in  their  sliafts, 
in  some  places  so  small  as  to  be  scarcely  visible  with  the  naked  eye, 
but  are  larger  and  more  numerous  in  their  extremities.  They  are 
accompanied  by  some  connective  tissue,  and,  in  yomig  bones,  by 
some  blastema.  In  the  denser  portions  of  the  bone  they  are  dis- 
tributed in  the  haversian  canals,  losing  their  muscular  coat,  yet 
scarcely  reduced  to  a  capillary  condition*  Of  the  larger  and  more 
numerous  vessels  which  enter  the  spongy  portions  a  few  pass  into 
haversian  canals  to  supply  the  bone ;  the  greater  number,  however, 
break  up  into  capillar}^  plexuses  and  ramify  in  the  marrow  occupy- 
ing the  cancelli.      We  have  thus  both  haversian  and  medullary 
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systems  of  vessels  supplied  from  the  periosteum ;  the  latter  pre- 
ponderating, even  in  the  long  hones;  and  the  blood  supplied  by 
both  is  carried  away  by  veins  wliich  retium  to  the  periosteum. 

These  veins  pass  through  the  larger  foramina  seen  on 
the  8urf[\ce  of  tlie  bone,  not  always  in  company  with  the 
arteries*,  but  separately,  tlie  arteries  traversing  the  smaller  holes. 
The  distinction  betvi^een  the  two  is  well  seen  in  the  skull,  where  the 
veins  occupy  considerable  channels  hollowed  out  in  the  substance 
of  the  diploe  and  puss  out  through  distinct  foramina ^  It  is  said 
that  so  long  as  they  lie  in  the  bone  the  veins  are  deprived  of  their 
outer  coats;  but  are  still  provided  with  valves.  On  a  bone  which 
has  been  thickened  by  osseous  deposit  in  consequence  of  inflamma- 
tion, these  vascuhir  foramina  and  the  grooves  connected  witli  the 
veins,  are  verj^  apparent,  rendering  the  surface  coarse  and  imeven. 
MedniiaiT  Tlie  '*  medullary  artery,*'  sijecially  so  named,  runs 

■'*^*^  through  an  oblique  canal  in  the  wall  of  the  shaft  of  each 

of  the  long  bones,  and,  having  reached  the  medullarj^  canal,  divides 
into  an  ascending  and  a  descending  branch.  The  blood  contained 
in  it  is  distributed  almost  entirely  in  capillary  plexuses  in  the 
medullary  tissue.  In  the  well-injected  lx>ne  of  a  young  child  its 
oftsets  may  Ije  seen  taking  the  direction  of  the  laminie  of  the  npongy 
tissue,  and  occupying  the  interspaces  between  them :  thuB  in  the 
lower  end  of  the  femur  they  take  a  nearly  parallel  direction  towards 
the  articular  surface.  A  few  of  its  branches,  however,  reach  the 
innermost  of  the  haversian  canals  and  anastomose  there  with  the 
periosteal  vessels,  so  that  the  periostemn  may  be  iujected  from  the 
mcdidlarj^  arterj^  A  vein  accompanies  the  medullary  artery,  and 
returns  the  chief  part  of  tlie  bhxxl  supplied  by  it. 

The  point  at  which  the  medullary  arteiy  enters  is 
not  quite  constant  in  the  same  bone.  Thus  in  the  femur 
it  may  be  near  the  upper  or  lower  part  of  the  shaft,  or 
at  some  intermediate  point;  or  there  may  be  two  openings,  one 
above  and  the  other  below.  The  direction  wliich  it  takes,  how- 
ever, though  diflerent  in  different  bones,  is  very  constant  in  the 
same  bone;  it  has  a  uniform  relation  to  the  mode  of  ossification  of 


point  of  en 
tfnncttuul 


L 


*  See  the  Pktei  in  BnsBchct'a  work,  Sur  le  Sytthm  Vdneuac 


the  bone,  and  is  invariubly  slanted  towards  that  end  at  which  the 
epiphysis  i»  fir^t  united  to  the  shaft.  Thus  it  slants  towards  the 
ui>per  end  of  the  femur  and  the  h^wer  end  of  the  tibia  and  fibuhi 
(Phite  I,  tigs.  2  and  3);  the  reverse  being  the  case  in  tlie  upper 
extremity,  viz,  towards  the  lower  end  of  the  humerus  and  the  upper 
ends  of  the  radius  and  ulna.  When  there  is  only  one  epiphysis 
the  canal  for  the  raedullary  arterj^  is  directed  towards  that  end  where 
the  epiphysis  does  not  exist.  Thus  it  slants  towards  the  acromial 
end  of  the  clavicle  (Plate  I.  fig.  1),  towards  the  distal  end  of  the 
metacarpal  bone  of  the  thumb  and  great  toe,  and  toward;?  the  prox- 
imal end  of  the  other  metacarpal  bones.  This  fact  was  observ^ed 
by  Berard',  who  attributes  the  earlier  miion  of  the  one  epiphysis  to 
the  better  supply  of  blood  ftirni.shed  to  it  in  consequence  of  the 
artery  taking  that  direction.  The  orifice  of  tlie  CiUial  for  the  niedid- 
lary  artery  marks  the  spot  at  which  the  osseous  nucleus  iirst 
appeared  in  the  ioctal  cartilage,  and  the  direction  of  the  canal  marks 
the  direction  in  which  ossification  fijst  advanced;  the  prelude  to  the 
conversion  of  cartilage  into  bone  being  usually  the  apj>earance  of 
a  blood-vessel,  around  which  the  process  begins. 

I  believe,  too,  it  is  a  general  rule,  though  there  are  some  excep- 
tions, as  in  the  ulna  and  the  four  smaller  metatarsal  and  metacarpal 
bones,  that  the  canal  for  the  medullarj^  artery  takes  the  direc- 
tion in  which  the  shaft  is  Iiardcst  and  smallest,  and  in  which  the 
medullary  canal  is  most  marked  and  reaches  nearest  to  the  end  of 
the  bone.  We  might  anticipate  that  this  would  be  the  case,  because 
the  marrow  is  there  most  abundant  and  is  peculiarly  dependent  upon 
the  medullary  artery  for  its  supply  of  blood,  in  con8e(|uencc  of  the 
density  of  the  wall  of  the  shaft  at  this  part  precluding  the  entrance 
of  many  vessels  from  the  periosteum. 

to  b©  found  in  These  canals   for  the   medullary   arteries    are   not 

tttuid  abort  peculiar  to  tlie  shaft^s  of  long  bones.  They  exist  also 
tatii«ioii«.  in  most  of  the  flat  bones;  and  in  the  short  si>ongy  bonea 
there  are  commonly  to  be  discovered  certain  canals  for  vessels  larger 
than  others,  which  run  towards  some  part  in  the  interior  where  the 
cancelli  are  thinnest  and  the  cells  between  them  largest.  These  parts 
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correspond  with  the  medullary^  canals  of  the  long  hones;  and  the 
vessels  which  run  to  them  correspond  with  the  medullary  arteriea. 
Thus  a  well-marked  vascular  canal  enters  the  middle  of  the  hinder 
part,  and  runs  forwards  through  the  spongy  substance  occupying 
the  middle  of  the  body  of  each  of  the  vertebra2\  Again,  on  the 
under  side  of  the  astragalus,  iti  the  groove  between  the  articular 
surfiaces^  and  at  the  corresponding  upper  side  of  the  os  calcis,  are 
the  openings  of  vascular  canals  which  run  into  the  adjacent  cancelloua 
texture  of  the  respective  bones^  tlie  texture  there  being  more  spongy 
than  at  any  otlier  part  (see  Plate  of  section  of  foot-ljones).  These 
are  the  points  at  which  ossification  commences  in  tlie  respective 
bones,  and  I  have  several  times  seen  the  delicate  vessels,  the  pre- 
ludes to  ossification,  entering  tlie  foetal  cartilage  at  tliese  spots  and 
ramifying  in  these  parts. 

One  remark  which  springs  out  of  these  observations  is  this,  that 
the  part  of  each  bone  at  which  ossification  begins  in  the  foetus 
is  tliat  which  becomes  the  medullary  canal,  or,  what  corresponds  to 
it,  the  most  spongy  portion  in  the  adult.  At  first  it  is  made  into 
solid  bone,  and  subsequently,  as  development  and  growth  go  on,  it 
becomes  cancellous.  Why  was  it  not  made  cancellous  at  once, 
instead  of  being  formed  dense  in  tlie  first  instance,  and  afterwards 
altered?  Tliis  apparent  defect  in  contrivance  is  explained  by  the 
fact  that  bone  is  first  formed  at  that  part  of  the  foetal  cartilage  at 
which  strength  is  most  wanted,  viz.  a]x)ut  the  middle,  and,  being 
of  small  size,  it  is  made  solid,  iifterwards,  as  the  bone  enlarges, 
this  central  part  becomes  included  within  the  layers  produced 
around  it;  so  that  if  it  remained  solid  it  would  increase  the  weight 
without  adding  to  the  strength  of  the  bone.  It  is,  therefore, 
removed  altogether,  or  reduced  to  an  extremely  spongy  condition. 

The  two  systems  of  vesaels  springing^  one  from  the 
periosteal   and  the  other  firom  the  medullary  trunks, 
anastomose,  as  has  been  mentioned,   in   the  innermost  haversian 


^  The  aa&logy  ihui  sugg^ted  between  the  body  of  a  vertebra  a^d  tbe  long  booei 
ii  further  cairied  out  by  tbe  fonnor  being  at  its  middle  Qorrower  and  denser  on  the 
ei tenor  tban  it  is  at  tbe  upper  and  lower  ends,  as  well  as  by  the  epiphyaea  next  to  the 
inierrertebr&l  substaQce  whicb  osaify  late^  and  are  joined  to  tbe  rest  of  the  body 
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canals;  and  instances  have  occurred  in  which,  the  medullary  artery 
having  been  obliterated,  a  supply  of  blood,  sufficient  for  the  interior 
of  the  bone,  haa  been  drawn  through  these  anastomosing  branches 
from  the  periosteal  vessels. 

In  the  twentieth  volume  of  the  Afedico-Chirurffical  Traiisacttons 
h  a  paper  by  Mr  Curling  shoeing  that  when,  in  cases  of  fracture, 
the  medullary  artery  has  been  torn  the  portion  of  bone  supplied  by 
it,  above  or  below  the  fracture,  as  the  case  may  be,  undergoes 
atrophy,  for  the  most  part,  in  a  greater  or  less  degree.  Such 
an  effect  may  be  sometimes  traceable;  but  not  in  most  instances 
with  sufficient  certainty  to  be  a  matter  of  raucli  importance.  As 
a  general  rule,  it  would  seem  that  the  anastomosing  periosteal 
branches  are  sufficient  to  maintain  the  supply  to  the  interior  of  the 
bone,  when  the  medullary  artery  is  interrupted  by  fracture  or  by 
any  other  cause* 

The  vascular  canals  of  bones  form  plexuses  resem- 
bling the  plexuses  of  vessels  in  soft  structures,  and  like 
them  take  different,  though  determined,  directions  in  different  parts. 
In  the  compact  substance  of  the  long  bones  they  run,  for  the  most 
part,  parallel  with  the  axis  of  the  shaft,  and  are  connected  by  cross 
branches  so  as  to  form  elongated  meshes,  like  those  of  muscle, 
nerve,  &c.  In  the  flat  bones  they  are  generally  parallel  with  the 
surface,  sometimes  radiating  from  a  point  in  a  stellate  manner  to- 
wards one  or  several  sides.  Even  in  the  short  bones  there  is  usually 
one  predominant  direction  in  which  the  canals  run,  as  vertical  in 
the  vertebrae,  that  of  the  long  axis  of  the  extremity  in  the  carpal 
and  tarsal  bones,  &c.' 

Some  few  bones — the  delicate  plates  of  the  sethmoid,  palate,  and 
lachrymal  bones — have  neither  haversian  canals  nor  canceUi^  Conse- 
quently they  have  no  vessels,  but  draw  their  nourishment  from  the 
periosteal  plexuses  which  are  not  far  removed  from  any  part  of  them. 
Aiian«m«Dt  of  ^^^  diameter  of  the  vascular  canals  being  greater 
Yettek.  iliRU  that  of  the  vessels,  the  latter  are  capable  of  under- 

going dilatation  and  congestion,  the  effects  of  which,  giving  a  red 
colour  to  the  bone,  are  seen  in  inflammation  of  its  substancCj  and 
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under  other  circumstances.  Cases  have  been  recordeir  iu  wkich  the 
medullary  arterj^  Lecoming  enlarged  in  consequence  of  the  growth 
of  tumours,  the  canal  has  enlarged  also,  even  acquiring  such  size  as 
to  admit  the  little  finger.  'Diis  capability  of  enlarging,  possessed 
both  by  the  arteries  and  their  containing  canals,  explains  the  fact 
of  pulsation  Imving  been  so  often  obaei-ved  in  timioiirs  of  bones, 
particularly  in  those  of  an  encephaloid  character:  the  pulsatioa 
being  evinced  in  certain  directions  more  distinctly  in  consequence 
of  the  resistance  which  is  offered  to  it  in  others  by  the  unyielding 
framework  of  the  bone.  The  cancellated  structure  of  the  lower 
end  of  the  femur  and  of  the  upper  end  of  the  tibia  seems  to  be 
particularly  favoural>lc  to  the  fonnation  of  gro^rths  of  this  kind, 
which  pass  under  the  names  of  "erectile"  tumours,  ** blood" 
tumours,  "pulsating"  and  '*  encephaloid"  tmnours. 


NERVES   AND   LYMPHATICS  OF   BONK 


F^neiTwre-  Nerves  are  supplied  rather  liberally  to  the  periosteum; 
qtiim]  In  bone,  ^j^jj  ^  sufficient  numbcr  enter  the  several  vascular  canals 
and  ramily  with  the  vessclsj  both  the  medullary  vessels  and  the  tine 
vessels  derived  from  the  periosteum,  to  confer  on  bones  that  low 
amount  of  sensibility  wliich  is  all  that  is  requisite,  or  even  desirable, 
for  the  performimce  of  their  mechanical  offices  and  for  the  pmiiosea 
of  nutrition.  Indeedj  the  use  of  their  nerves  would  seem  to  be 
displayed  when  any  diseases  or  accidents  befall  the  bones  rather 
than  in  the  healthy  state.  Under  those  circiunstarices  the  scanti- 
ness of  their  number  is  compensated  by  their  being  enclosed  in 
rigid  channels,  and  being  consequently  subjected  to  compression  by 
the  swelling  of  the  vessels  and  the  effusions  into  the  canals  in  which 
they  run.  The  peculiar  dull,  aching,  heavy,  intolerable  pain  ex- 
perienced on  these  occasions  rather  indiciitea  tliis  to  be  its  cause. 
It  is  often  very  intense  when  the  nerves  piissing  between  the  bone 
and  periosteiun  are  being  stretched  by  the  formation  of  a  quickly 
growing  timiour — encephaloid  for  insbmce^ — in  this  situation.    Many 
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diseases  of  bone,  however,  sucb  as  some  fonns  of  ulceration,  andde-^ 
Btniction  by  scirrhous  and  epithelial  cancer,  may  go  on  to  a  great 
extent  without  much  pain.  Judging,  too,  from  the  slight  constitu- 
tional disturbance  that  commonly  follows  even  severe  and  protracted 
operations  oti  the  bones,  we  may  infer  tliat  the  sympathies  of  the 
system  arc  not  very  easily  excited  through  their  medium. 

In  considering  the  question  of  the  nervous  supply  to  a  part,  it  is 
well  to  remember  that,  as  the  nutritive  and  circulatory  processes  are 
by  no  means  restricted  to  tlie  blood-vessels  and  their  immediate 
VTcinityj  so  the  nervous  functions  may  be,  and  probably  are,  extended 
to  some,  and  that  a  variable,  distance  beyond  the  exact  course  of  the 
nerve-fibres.  Were  this  not  so,  the  bimdlea  of  nerve-fihres  would  be 
quite  insufhcieut  to  communicate  sensory  and  volitional  impressions 
to  the  different  parts  of  the  body*  We  must  not,  therefore,  suppose 
that  a  part  is  entirely  destitute  of  nervous  influence  because  few  or 
no  nerves  can  be  traeed  into  it.  Jloreover,  the  solid  structure  of  the 
skeleton,  as  we  find  in  the  instance  of  the  teeth  and  nails,  is  capable 
of  transmitting  impressions  to  nerves  through  a  greater  distance 
than  is  possililc  in  the  soft  parts,  which  renders  a  smaller  number  of 
nerves  necessary  to  confer  the  requisite  amount  of  sensation.  That 
a  certain  amomit  of  ner\^ous  energy  is  necessary  to  the  maintenance 
of  perfect  nutrition,  or  at  any  rate  to  tl^e  reparation  of  bone,  has  been 
inferred  from  a  lew  instances  in  which  the  reunion  of  the  broken 
bones  of  paralysed  limbs  has  been  delayed  beyond  the  usual  period: 
though  it  is  probable  that  in  these  instances  other  causes,  besides 
tlie  mere  loss  of  nervous  supply,  may  have  interfered  with  the 
processes  of  repair,  especially  as  in  other  cases  of  a  similar  kind 
reunion  has  taken  place  very  well. 

L}Tnphatics  have  not,  according  to  Kolliker,  been 
traced  with  certainty  either  into  periosteum  or  bone. 
By  other  anatomists  they  are  described  as  being  \^sible  on  the 
surface  of  the  bone  and  in  the  periosteum;  and  Cruiksliank,  after 
a  successful  injection,  saw  them  ramifying  in  the  substance  of  a 
dorsal  vertebra'. 


IiymikhftticaL 


^  Anatomy  of  Absorbing   Ve^ehj   1790»  p-  198. 
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THE   MARROW. 

When  first  fonned,  the  bones,  like  the  cartilages  that  preceded 
them,  are  solid.  At  birth  thej  are  nearly  solid,  with  merely  a 
narrow  canal  for  the  medullary  arterj'  and  minute  vacuities  in  the 
parts  where  cancellated  atnicture  is  subsequently  formed.  (PL  I. 
figs.  2  and  3.)  As  they  increase  in  size  their  interiors  become 
hollowed  out  and  reduced  to  a  spongy  condition;  or,  by  a  further 
continuance  of  the  same  process  of  resorj^tion,  larger  ca\^tie«  are 
formed  in  them.  By  this  means  they  are  rendered  much  lighter 
with  very  little  loss  of  strength*  The  cells  and  cavntiea  thus  formed 
arc  filled  by  a  substance  of  low  specific  gra\4ty  called  "marrow/^ 
which  varies  in  its  composition  in  diiferent  bones  and  at  different 
periodB  of  life. 

In  some  of  the  short  bones— the  bodies  of  the  vertebra?, 

Wfttei^  nuiTow. 

the  basis  of  the  skull  and  the  stemimi  more  particularly 
— the  marrow  has  a  reddish  colour  and  consii^ts  of  connective  tissue 
enclosing  an  albuminous  fluid  in  its  areola?,  with  but  very  little  oil, 
which  accounts  for  the  fact  that  these  bones  are  soon  cleaned 
by  maceration.  According  to  Kolliker,  it  contains  minutCj  round- 
ish nucleated  cells  like  those  which  he  finds  in  young  medulla^. 
It  is  found  on  analysis  that  75  parts  consist  of  water,  and  the 
remainder  of  albuminous  and  fibrinous  matter  with  some  salts  and 
a  mere  trace  of  oil. 

In  the  long  bones  of  the  well-nourished  adult  the 


marrow  consists  of  a  yellow  oily  fluid  contained  in 
vesicles,  like  those  of  common  fat,  which  are  Imbedded  in  the 
areolae  of  a  highly  vascular  membrane — ^the  medullary  membrane. 
It  differs  greatly  from  the  marrow  of  the  bones  just  mentioned  in 
its  composition,  consisting  of  96  parts  oil  and  only  4  water,  con- 
nective tissue  and  vessels.  This  rich  oily  conTjKiund  is  confined 
to  the  long  bones  of  the  adult,  and  in  them,  according  to  the 


i 
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^  Tho  BimiUri ty  of  the  constitaentu  of  csertain  tamounB  to  these  cdII^  Iiab  induced 
Mr  Pftget  to  apply  to  them  the  term  **  myeloid  "  {pLveXutiiitf  majrow-tike),    Lcduret  on 
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otserv'ations  of  the  most  careful  histologists,  does  not  pass  into 
the  haversian  canals  of  the  compact  osseoxis  substancep  The 
younger  the  mdi\'idiial  the  less  marrow  do  the  bones  contain,  and 
the  proportion  of  oil  in  it  diminishes,  till  we  come  to  the  foetiil 
bones  and  cartilages  in  which  there  are  neither  medullary  spaces 
nor  man'ow.  In  emaciated  and  rickety  persons  also,  and,  it  is 
said  likewise  in  the  very  aged,  thougli  probably  it  is  not  so  in 
those  who  continue  fat,  the  marrow  becomes  thin  and  watery, 
containing  in  some  only  a  third  or  a  fourtli  part  of  the  normal 
proportion  of  oil,  the  other  constituents  consisting  of  water  with 
some  albumen*  Hence  it  appears  that  the  quantity  of  oil  in  the 
bones  affords,  as  a  general  rule,  a  measure  of  the  vigour  with  which 
the  work  of  nutrition  is  conducted  throughout  the  body,  and  we 
perceive  the  force  of  the  expression  of  Job  who,  speaking  of  a  man 
in  full  strength,  says  his  "  bones  are  moistened  with  marrow." 
QagajKj^uan  ^^^  ^^V  ™*^tter  of  the  marrow  is,  in  its  natural  state, 

•odoflM.  composed  of  the  same  materials  as  common  fat,  in  some- 
what different  proportions;  the  oleine  being  In  rather  greater 
quantity  in  relation  to  the  other  constituents.  Being  of  compara- 
tively low  specific  gravity  it  is  well  suited  to  fill  the  cavities  of 
the  bones,  forming  an  advantageous  substitute  for  the  bony  matter 
which  preceded  it  and  which  was  cleared  away  in  the  course  of 
development  and  growth.  In  this  respect  it  is  second  only  to  air 
which  fills  the  corresponding  ca%'ities  in  the  bones  of  many  birds, 
and  which  fills  also  the  sinuses  about  the  nose  and  ear  in  man. 
It  cannot  ftdfil  two  of  the  uses  commonly  assigned  to  fat,  that, 
namely,  of  retaining  the  heat  of  the  Tx^dy  and  that  of  giving 
rotundity  to  the  firame;  but  it  may  perform  the  same  functions  in 
relation  to  nutrition,  whatever  they  be,  which  the  fat  stored  in 
other  parts  would  seem  to  subserve.  The  precise  nature  of  these 
functions  it  yet  remains  for  physiological  chemists  to  point  out, 
our  \4ew8  respecting  them  being,  at  present*  scarcely  satisfactory. 
Tlie  marrow  is  well  supplied  with  blood,  by  far  the  greater  part  of 
that  which  enters  the  bone  by  the  periosteal  as  well  as  by  the 
medullary  vessels  being  distributed  to  it;  whence  we  may  infer, 
with  tolerable  certainty,  that  the  changes  going  on  in  its  composi- 
tion are  greater  than  those  in  the  osseous  structure  itself.     These 
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changes  miist  have  reference  to  some  purpose  useful  to  the  economy; 
for,  were  it  not  so,  the  boties  would  scarcely  have  been  filled  by  so 
vascular  a  materiah 

BamorediB  Not  Only  does  the  marrow  loae  its  perfect  eomposi- 

diMMeioftxioe.  ^^^^  when  the  general  nutritive  powers  fail;  but  it  often 
becomes  removed  altogetlier  wlien  disease  attacks  the  bone.  Thus,  in 
an  early  stage  of  inflammation,  the  marrow  is  cleared  away  leaving 
the  canceUi  clean  and  white  j  and  in  sequestra  of  the  shafts  of 
bones  separated  after  necrosis,  not  only  is  tl\p  marrow  gone  but  the 
cancellous  stnicture  has  commonly  been  removed  ^vith  it  from  the 
interior  of  the  bone.  After  fracture  the  marrow  disappears  from 
the  neighbourhood  of  the  broken  part  and  does  not  reapjiear  till 
some  time  after  remiion.  After  amputations  also  the  oily  matter  is 
removed,  and  a  cell ulo- vascular  substance  is  formed  at  the  tnmcated 
end  of  the  bone,  till  the  medullary  canal  is  closed  up  by  the  growth 
of  bone  OA*er  ite  extremity.  In  the  ease  of  cancer  attacking  a  bone 
the  marrow  retains  its  natural  oily  character;  at  leasst  it  has 
appeared  so  in  the  instances  I  have  seen.  This  accords  with  what 
we  find  when  cancer  affects  other  organs;  the  fatty  matter  in  them, 
and  indeed  in  the  system  generally,  being  ofTten  rather  increased, 
relatively  if  not  actually* 

Modniury  "^^^^  mcduUary  membrane  is  the  membmnous  tissue 

tocmbrano.  j^^  which  the  oil  vesicles  of  tlie  marrow  are  imbeddedj 
in  which  the  blood-vessels  ramify,  and  which  Hoes  the  cells  of  the 
osseous  cancelli.  It  ministers,  thcrelbrc,  both  to  the  marrow  and  the 
interior  of  the  bone,  and  may  be  called  either  **  medullary"'  or 
**  endosteal." 

HediLiiaiti  ^^^^  bones  of  fishes  are  solid,  though  very  spongy, 

rnSmrnK  j^jjj  those  of  thc  slow,  hea^y  reptiles,  like  those  of  the 

human  fcetus,  contain  no  medullary  cavities ;  except  in  the  instance 
of  crocodiles  and  some  of  the  large  land-lizards,  in  which  they  are  of 
consideralile  size.  Neitlier  in  fishes  does  thc  cancellated  structure 
contain  oily  matter,  with  the  exception  of  that  of  the  vertebrse  and  a 
few  bones  of  the  head.  In  the  otlier  bones  the  cellular  spaces  are 
filled  with  a  watery  fluid  holding  a  small  quantity  of  saline  matter  in 
solution  or  some  albumino-gelatinous  substance;  and  in  many,  owing 
to  an  incompleteness  of  thc  ossifying  processes,  the  structure  is  partly 


made  up  of  ciirtilage.  Hence  tlie  bones  of  these  animala  lose  more 
than  three  quarters  of  their  weight  in  drying,  and  are  more  traiispa^ 
rent  than  other  bones.  Birds,  when  young,  have  an  imperfect  medidla 
(an  oleo-albnminous  fluid)  in  their  bones.  Tliis  is  said  to  rem  a  in 
while  the  bones  arc  growing.  Alter  they  have  attjiined  their  full 
Bize,  when  the  bird  gets  upon  the  wing^  their  medullary  cavities  are 
enhirged  and  contain  air,  the  principle  of  lightness  being  in  them 
carried  out  to  the  fidlest  extent.  The  numljcr  of  bones  into  which 
air  is  admitted  is  proportionate  to  tlie  powers  of  flight  of  the  bird, 
ThuB  in  tlie  Swift  it  finds  its  way  into  most  of  the  bones;  whereas, 
in  the  Ostrich  and  its  allies  the  shafts  of  the  long  bones  are  partly 
occupied  hy  medidlary  cancelli,  and  in  tlie  Apteryx  none  of  the  bones 
receive  any  air  at  all;  these  conditions  represent  arrested  stages  of 
the  development  through  which  the  bones  of  the  flying  birds  have 
passed.  In  some  of  the  mammals  which  approach  nearest  to  reji- 
tiles  in  their  sluggish  movements,  the  Sloths,  for  instance,  and  in 
Wliales  and  Seals,  which  are  adapted  to  the  condition  of  fishes, 
there  are  no  distinct  medullary^  canals, 


THE    FORMATION    OF    THE   BONES 

has  at  all  times  received  a  very  large  share  of  attention  from 
physiologists;  and  the  different  statements  that  have  been  made 
ret^pecting  it  sufficiently  prove  the  difliculty  of  acrpiiring  an  accu- 
rate knowledge  of  the  several  steps  of  the  process.  One  thing 
aeems  certain;  namely,  that  the  bones  are  not  in  any  instance 
a  primary  formation,  but  always  result  from  the  transformation  and 
Ci^irthy  impregnation  of  some  pre*existing  tissue,  which  may  be 
cartilage,  nucleated  blastema,  or  some  other, 

CotnmeDoement  At  a  veTj  early  period  of  foetal  life,  as  soon  as  any 
QftMrooeu,  structure  at  all  is  perceptible,  the  embryonic  material, 
frnni  which  the  U^nes  are  to  be  fonntd,  becomes  mapped  out,  as  a 
soft  gelatinous  substance  contained,  fierhaps,  in  a  delicate  membrane. 
It  may  be  distinguished  from  the  other  tissues  by  being  rather  less 
transfjarent;  but  at  this  early  period  the  elementary  cells  and 
amorphous  matter  of  which  it  is  composed  resemble  verj^  much  those 
of  the  other  embryonic  stmctures.    Soon  it  acquires  a  slight  increase 
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of  density;  perhaps  from  the  formative  eel  la  accumulating  in  greater 
numbers  in  its  substance.  From  this  beginning  the  bones  are 
formed  in  two  ways.  Either  the  formative  tissue  ia 
bymeaaiiof  converted  into  cartilage,  which  in  course  of  time  is  re- 
or  or  DIM-  placed  by  bone;  and  bones  produced  in  this  way  are 
"*  sometimes  chilled  primari/  bones:    or   a   membrane   is 

formed  upon  which  a  soft  blastema  is  developed,  and  the  ossitying 
process  take^  place  in  this  blastema,  giving  rise  to  w*hat  are  called 
secondary  bones. 

I  think  the  terms  "primary''  and  "secondary"  are  not  well 
chosen,  being  likely  to  lead  to  misconceptions  respecting  the  forma- 
tion of  the  bones,  and  that  they  had,  therefore,  better  be  discontinued* 
Indeed,  it  does  not  appear  to  be  desirable  that  any  classification  of 
the  bones  should  be  based  upon  this  difterence  in  the  mode  of  their 
development.  For,  first,  the  difterence  l>etween  the  two  processes  is 
not  essentially  very  great,  and,  secondly,  they  are  combined  together 
in  the  formation  and  growth  of  by  far  tlie  larger  pro|Kjrtion  of  tlie 
skeleton.  Thus  all  the  long  bones,  if  not  in  the  very  first  instance 
formed  through  the  mediimi  of  cartilage,  are,  at  any  rate,  in  great 
measure  so  produced  during  fa^tal  life ;  and  their  increase  in  length 
during  the  whole  period  of  growth  is  mainly  attributable  to  the 
ossification  of  tlie  continually  increasing  cartilage  that  lies  l^etween 
their  shafts  and  their  epiphyses.  These,  therefore,  if  any,  would 
properly  deserv^e  to  be  called  **  primary"  bones.  Yet,  from  a  very 
early  period,  their  increase  in  thickness  is  almost  entirely  effected, 
not  by  means  of  the  fonnation  and  ossification  of  cartilage,  but 
by  the  deposition  of  ossifying  blastema  upon  llteir  exterior.  Again, 
the  lower  jaw  would  seem  to  be  formed  primarily  and  chiefly 
by  tlie  latter  method,  i.  e.  by  the  ossifying  blastema,  and  should, 
therefore,  lie  called  a  **  secondary"  lione,  yet  it  is  increased  in  the 
direction  of  its  condyle,  through  the  addition  of  cartilage. 
Ofriflcationin  The    proccss   by    ossifying  blastema    is   the   more 

"^  simple  and  expeditious  mode  of  forming  bone.  The 
blastema  ap|iears  to  resemble  verj^  much  that  of  common  connective 
tissue ;  it  consists,  that  is  to  say,  of  an  indistinctly  fibrillated  matrix 
with  small,  round,  simple  cells  scattered  through  it.  When  ossifi- 
cation commences  the  matrix  becomes  rather  more  opaque,  and  i\m 
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fibroDs  cliaracter  1>eoome3  more  distinct ;  tlie  component  fibres  are 
collected  into  bundles  not  unlike  those  of  fibrous  or  connective 
tissue,  which  are  arranged,  more  or  less,  in  a  reticulatcct  manner. 
Gradually  they  l>ecorae  more  and  more  opaque  and  granular  from 
impregnation  with  earthy  matter,  and  arc  converted  into  the  homoge- 
neous matrix  of  bone\  while  the  celk  which  are  involved  with  them 
are  supposed  to  shootout  into  the  irregularly  shaped  lK>ne-corpuiM:le3, 
from  which  the  canaliculi  are  extended  by  resori>tion  of  the  sur- 
rounding bone  substance,  or  in  some  unknown  way.  The  bf>ne 
thus  formed  is  from  the  first  areohir.  The  interstitial  spaces  con- 
tain vessels  and  blastema,  and  by  the  progressive  ossification  of 
the  latter  the  walls  of  the  areolas  are  thickened,  and  the  bony  tissue 
is  rendered  more  solid.  Nevertheless  there  is  at  the  same  time  in 
many  places  a  resoq>tion  of  portions  of  this  newly  formed  osseous 
tissue,  by  which  the  areolae  arc  enlarged  and  thrown  into  one  another, 
and  a  regular  cancellated  structure  is  produced.  By  the  combina- 
tion of  these  two  processes— the  addition  of  fresldy  ossified  layers 
to  the  areolar  walls  in  some  spots,  and  an  absoqition  of  them 
at  others— a  kind  of  internal  growth  is  maintained,  and  we  can 
thus  understand  how  it  is  that  the  enlargement  of  the  areolae  goes 
on  simultaneously  with  the  thickening  of  their  walls. 

It  is  now  generally  admitted  that  the  facial  and  cranial  bones, 
with  the  exception  of  those  at  the  base  of  the  skull  where  cartilage 
is  required  to  give  strength,  are  formed  in  this  way  by  the  direct 
OBsification  of  a  sort  of  connective  tissue  derived  from  !)lastema,  w  ith- 
out  the  intervention  of  any  cai-tilage  wliiitever.  Tlie  blastema  is 
formed  upon,  or  in  the  substance  of  the  meuibranous  envelopes  of 
the  brain. 

The  process  of  osaification  in  cartilage  is  more  com- 
plex and  dillicult  to  follow.     In  t!ie  first  place,  the  cells 
of  the  cartilage  (each  containing  a  nucleus  or  nuclei)  are  collected 
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1  Though  the  matrix  of  hone  is  called  homogcneoiw,  xnd  fippeare  to  be  io  when 
Been  in  the  ujuaI  way,  it  eshibita  a  finely  granular  atructuro  uniler  high  magnifying 
power,  anr!,  as  before  menlioued^  it  ia  capable  of  being  resolved  into  delie^te  lumdla*, 
which  again  are  tnado  up  of  transparent  decussating  fihrea.  It  at'ems  probable  that 
these  fibrea  are  the  reaulUnta  of  the  fibrous  sinicturo  of  the  priiuitivo  bhvateiua,  and 
thftt  the  granuUr  appearance  is  the  result  of  Hh  earthy  imprcgnatiou. 
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into  oblong  groups,  which  are  separated  by  the  liomogeneous,  trans- 
parent, cartilaginoasi  matrix  ;  and  calcification  first  takes  place  in 
tliif?  matrix,  bone  sljootitig  up  between  the  groups  of  celts,  and 
tbnuing  oblong  areoloe.  The  tissue  iB  by  this  rendered  opaque, 
and  the  subsequent  changes  in  the  cells  are  obscured.  It  seems  that 
the  cells  l>ecome  enlarged,  and  encroach  upon  the  inter\'ening 
matrix  in  wliich  calcification  is  commencing^  causing  it  to  disappear 
more  or  less,  and  bringing  the  groups  of  cells  into  closer  contact. 
According  to  Baur^,  eacii  cartilage-cell  now  becomes  the  seat  f>f  an 
endogenous  cell-formation  ;  in  jilacc  of  the  single  vesieukr  nucleus, 
which  may  already  be  regarded  as  a  secondarj^  cell,  several  \  esicles 
of  the  same  kind  make  their  appearance ;  and  this  brood  of  cells 
becomes  the  starting- [>oint  of  all  the  subsequent  changes.  For,  the 
ca\'itie8  of  the  parent  cells  l>eing  thrown  together  by  the  disa{H 
jjearance  of  their  septa,  part  of  this  new  generation  of  cells  is 
transformed  into  blood-vessels,  fat-cells,  or  medulla-eells ;  and 
those  lying  nearest  the  periphera,  in  each  group,  are  converted  into 
blastema,  in  whicli  the  process  of  ossification  goes  on  in  the  same 
manner  as  in  the  blastema  formed  irom  membrane.  There  is  now, 
therefore,  a  calcified  matrix  of  cartilage  forming  oblong  areolai  in 
which  are  enclosed  ossifying  Idastema,  blood-vessels,  &c.  This  car- 
tilaginous matrix  has  already  been  greatly  reduced  by  the  enlarge- 
ment of  the  cartilage-cells,  which  has  taken  place  at  its  expense;  and 
it  is  believed  tliat,  in  process  of  time,  it  is  entirely  absorbed,  as  well 
as  the  walls  of  the  cartilage-cells,  to  make  way  for  the  new  bone  sub- 
stance formed  from  the  blastema.  The  enlargement  of  the  areolae  by 
the  ab3ori)tion  of  tlieir  walls  at  some  parts,  and  the  thickening  of 
those  walla  at  other  parts  by  the  ^ossification  of  successive  strata 
of  the  blastema,  probably  takes  place  just  as  if  the  cartilage  had 

never  existed. 

It  appears,  therefore,  frora  what  has  been  stated, 
that  when  ossification  is  carried  on  in  cartilage,  a  com- 
plete molecular  replacement  of  one  substance  by  the 
other  takes  place  j  and  that  the  orgaiiie  basis  of  bone 
is  no  more  anatomically  than  it  is  chemically  identical 
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<  Ziar  Lohre  von  der  Vcrkobohcniiig  dm  primonlmlen  Knorpela— von  Albert  Baur 
in  TtibiTigen.     MUller'd  Arfhiv,  1857^  b,  347. 
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with  the  matrix  of  hyaline  cartilage.  The  latter  is  inculpable  of 
true  ossification ;  its  calcification  is  a  process  accompanjang  ossifica- 
tion, it  is  true,  but  one  of  an  essentially  different  nature.  The 
osseous  substance  which  makes  its  appearance  in  cartilage  is  a  new 
formation  in  the  cartilage  cavities,  being  preceded  hj  the  fonnation 
of  a  kind  of  connective  tissue ^  which  is  evolved  in  this  instance  by 
tbe  aid  of  the  cartilage-celln  just  as  in  other  instances  (the  calva- 
rial  bones,  &c,)  it  is  formed  by  tlie  aid  of  a  membrane.  Connective 
tissue  is  thus,  in  the  opinion  of  Baur,  the  only  foundation  of  the 
formation  of  bone. 

The  exact  identity  of  Ijone  whicb  has  been  preceded 
by  cartilage  T^-itli  that  formed  from  membrane  favours 
this  opinion.  Other  observers,  however,  think  that  more  or  less  of 
the  cartilaginous  matrix  remains,  and  becomes  impregnated  witli 
earthy  matter,  at  the  same  time  that  gelatine  is  substituted  for  its 
cbondrine.  They  think  also  that  the  cartilage-cells  or  their  nuclei 
in  some  way  undergo  transfonnation  into  bone-corjniscles,  and  that 
tbe  cavities  and  canals  of  bone  are  hollowed  out  in  its  substance  by 
the  resorption  of  the  newly  formed  osseous  tissue.  KoUiker  and 
Virchow^  find  that  the  cartilage-cells  undergo  an  iiTegular  thickening 
and  calcification  of  their  wall,  TvHth  the  simultaneous  formation  of 
canalicular  vacuities  in  it.  Tliis  thickening  of  the  cell-walls  takes 
place,  in  part,  at  the  expense  of  the  cavities  of  the  cells,  which 
become  indented  and  gradually  reduced  in  size,  and  finally  are  con- 
verted into  the  lx>ne-corpuscles,  a  communication  having  been 
already  established  between  tliem  and  the  canaliculi  formed  in  the 
substance  of  the  thickened  and  calcified  cell-wall. 

All  the  Ixmes  of  the  human  body,  except  those  of  the  head  and 
face  just  mentioned,  are  at  first  formed,  in  part  at  any  rate,  from 
cartilage,  and  are  said  to  originate  in  cartilage.     Some  of  them  arc 


^  The  xnetamorpboflefl  of  the  cart ilag^e- cell h  find  of  tlie  cells  of  omifying  blAstem* 
ha?e  been  tnused  by  Virchow  {Dot  n&rmale  l'noclmita4:hsthum  uiul  die  rtt4;hiH»eke 
Sidrung  deuelbenf  Virchow*8  Archh,  y.  409)  in  rachitic  bones,  where  tbey  we  not  no 
mncb  obscured  aa  in  the  heidthj  atatc  by  the  infiltration  of  eartbj  matter;  tbia  latter 
part  of  tbe  prtKMWB  of  osaificalion  being  imperfect  and  delayed  in  those  bones,  although 
ibe  chang^es  in  the  celLi  take  place  with  nearly  their  usual  rapidity.  Xolliker  also 
formed  hii  viewa  in  part  from  obaervationa  niauie  on  nvchitic  boneii. 
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osseoufl  at  so  early  a  i)eriocl  of  fcetal  life,  and  ossification  goes  on  «o 
quickly  through  ne^irly  their  whole  extent,  for  instance  the  clavicle, 
the  ri1>8,  and  the  shafts*  of  the  lono^  bone^,  that  it  would  seem  not 
imprcibalile  they  may  he  developed  in  the  first  iusitance  from  blas- 
tema,  inBtead  of  from  cartilage  as  generally  suppoftcd;  hut  I  liave 
not  been  able  by  carefid  examination  to  ai*siu*e  niy&elf  that  this  is 
the  case.  Whether  the  ossification  l>e  commenced  in  blastema  or  not 
in  these  bones,  it  is  certainly  carried  on  by  means  of  cartilage  in 
the  direction  of  the  length  of  the  ahafta  and  in  the  epiphyeea. 
The  genendly  received  opinion  that  the  shafts  are  evolved  from 
cartilage  gains  confirmntion  from  the  obsen^ation  of  Dr  iSliarpey, 
"In  the  tibia  of  a  sheep,  at  a  time  when  the  whole  embryo  is 
not  more  than  an  inch  and  a  quarter  in  length,  we  can  plainly 
see  tliat  the  substance  consists  of  cartilage-ceUs  embedded  in  a 
peUucid  matrix'/' 

The  time  at  which  the  process  of  ossification  commences  doe^ 
not  at  all  follow  the  order  in  which  the  primordial  cartilage  is  laid 
do^Ti  at  the  TariuuB  parts  of  the  skeleton.  Thus  the  cartilage  of 
the  vertebrae  appears  before  there  h  any  trace  of  the  cla\4ele,  yet 
the  ossification  in  the  latter  commences  at  a  much  earlier  period 
than  it  does  in  the  former. 

Let  us  trace  briefly  the  process  of  oBsification  in  the 
human  lemur.  At  first  the  position  of  the  bone  is  occu- 
pied by  a  hyaline  substance,  as  it  is  called,  consisting  of  common 
formative  cells.  These  become  gradually,  in  greater  part  at  any 
rate,  converted  into  cartilage,  which,  being  composed  of  cells  em- 
bedded in  a  strong,  tliough  transparent  and  structureless^  intercel- 
lular matrix,  gives  sufficient  finnness  to  the  part  to  enable  it  to  resist 
the  slight  forces  that  the  rudimentary  foetal  muscles  are  able  to  exert 
upcrm  it;  at  the  same  time  it  is  cajtahle  of  being  formed  and  shaped 
more  casil)'  and  quickly  than  solid  bone,  whilst  it  is  lighter,  more  in 
hannony  wilh  the  muscular  and  other  structures,  and  more  flexible. 
In  the  second  month,  ossification  begins  about  the  middle  of  the 
shaft  and  quickly  travels  upwards  and  downwards  along  its  entire 
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length.     Still  the  tipper  and  lower  enda  are  cartilaginous,   and 
remain   so   for  a   long  period  after   the   complete    ossification    of 
the  shaft.     Not  till  some  time  in  the  last  month  of  foetal  life  does 
an  ossific  nncleiis  appear  in  the  lower  extremity. 
Ecsorption  of  The  bone  is  at  fir»t  made  solid  or  nearly  »o,  the 

MMonaUsnus.  ^jujjalg  and  Cancellated  spaces  being  subsequently  caused 
by  the  resorption  of  the  newly  formed  osseous  tissue.  Hence  we 
have  in  ossifying  bone,  at  the  same  time  and  almost  in  immediate 
contiguity,  tit^^o  processes  going  on— a  formation  of  bone  and  a 
resorption  of  its  substance ;  the  latter  scarcely  less  energetic  than 
the  tbmier.  It  is  by  the  continuance  of  this  process  of  resorjition 
that  not  only  the  haversian  canals  and  the  cells  of  the  cancellated 
texture,  but  the  larger  cavities — the  medullary  and  others— are 
formed.  The  spaces  so  formed  are  at  first  occupied  by  blastema, 
of  which  part  becomes  converted  into  vessels j  medulla-cells,  fat- 
cells,  and  areolar  membrane,  while  the  part  lying  nearest  to  the 
bone-wall  in  each  cavity  and  canal  is  (as  described  at  page  36) 
transformed  into  connective  tissue,  by  the  stratiform  ossification 
of  which  subsequent  additions  arc  made  to  the  bone-wall,  and  the 
process  of  intemid  growth  is  maintained. 


BEaORIPTION    OF    PLATE  I. 

Bones  at  the  time  of  Births 

^g,  I.  Rection  of  thi?  Cla\'icle,  fihewing  the  narrow  stratum  of  cartihge  at  either 
rod  of  it.  In  the  lower  which  representa  the  eternal  end  an  osseous  Duckus  is  Bubse- 
quently  developed.  The  narrow  channel  for  the  medullajy  artery  ia  Been  ruiming 
from  near  the  middle  towards  the  acromial  end  (|i«go  35). 

Fig.  1.  Section  of  Tibia.  OsHcoua  nucletts  in  the  upper  epiphysial  oariilagQ, 
Narrow  channel  for  medullary  artery  miming  ohiiquely  dowawardi  (page  15). 

Fig,  3.  Stction  of  Femur.  Ossimjus  nucleus  in  lower  epiphymiU  cartilage  Narrow 
channel  for  niednlkry  artery  ninning  obHijuely  upwards  (page  25).  The  shaft  bulges 
outwardfl  at  attachment  of  glutcEus  maxim  ns  (page  15). 

There  \s  but  little  cancellous  tissue  in  these  boneSi  the  shafts  being  of  nearly  utiiform 
density  throughuut. 

Fig.  4»  Section  of  inner  part  of  foot  and  g;reat  toe.  Osseous  nucleus  in  os  calcrs, 
MtragaJuflr  metatarsal  bone,  and  both  phahmges. 

Fig.  5.  Scapula.  The  acromial  and  glenoid  parts  are  quite  cartilaginous.  The 
circumference  of  the  bone  is  furnished  with  a  cartilaginous  bordtT,  except  along 
inferior  costa. 
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The  cotemporaiieous  working  of  these  two  processes — 
formation  and  resorption — in  the  foetal  stiite  is  not  hy  any 
means  confined  to  the  bones.  The  latter  is  in  operation 
with  scarcely  less  activity  tlian  tlie  fonncr  in  many  other  parts. 
By  it  the  varioiB  ca^-ities  and  canak  of  the  body,  as  well  as  their 
external  orifices,  are  hollowed  out  in  the  soft  parts;  and  the  failure 
of  this  agency  in  developtnent  leads  to  a  variety  of  malformations, 
such  as  ail  imperforate  state  of  canals,  what  is  called  "atresia"  of 
orifices,  the  persistence  of  foetal  structines,  to  wit  the  membrana 
pnpillaris  and  the  omplialo-nicsenteric  cord,  &c.  To  the  same 
cause  may  probably  be  attributed  some  of  the  so-called  adhesions 
of  membranes.  Thus  wq  not  uneommanly  find  complete  adhesion 
of  tlie  pleura  or  pericardium,  in  yomig  sidijects,  and  in  persons 
in  whom  tlicre  has  Ijeen  no  sign  of  inflammatory  aflTcction  or  other 
disease;  in  some  of  these  C4a8e9  it  is  quite  probable  that  the  process 
of  resorjition,  by  which  the  serous  surfaces  should  have  been  sepa- 
rated and  the  cavity  formed,  has  never  been  carried  out,  and  that 
they  are,  therefore,  examples  rather  of  imperfection  of  development 
than  of  subsequent  disease. 

EpipTirwu  and  To   pTOceed,    however,   with   the   formation    of   the 

*iwph/«M.  thigh-bone.  Near  the  end  of  the  first  year  after  birth  a 
third  centre  of  ossification  appears  in  its  npi>er  end.  The  bone  now, 
accordingly,  consists  of  two  extremities,  or  epiphyses,  with  an  inter- 
mediate shaft,  or  diaph^ms.  These  remain  separate,  that  is  to  say, 
united    ouly    by   inten^ening    cartilage,    for   many    years,    indeed 


DESCRlFnON    OF    PLATE   II. 

Sections  of  long  bones  from  young  subject  (tet.  about  io)j  shewing  the  e^physea 
iind  the  line  of  e{uiilAg«  between  tliem  and  the  alisiU. 

Fig.  I.  Upper  and  lower  extremities  of  Femur, 

1.  Do.  of  Tibia  and  FibuU. 

3.  Metatarsal  bone  of  second  to«. 

4.  MetatarsiU  bone  of  gfreat  toe. 

5.  Phal&ux  of  one  of  thtj  toes, 

6.  Upper  and  lower  cndn  of  Humeniii.     A»  B,  C,  sep^irate  nuclei  for  outer 

and  inner  pjtrls  of  the  lower  j%rticuUr  jjurtion,  and  for  the  inner 
condyle. 

7.  Upper  and  lower  ends  of  Eadius  and  Ulna* 
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throughout  the  whole  period  of  gi*owth;  the  su|>erior  epiphysis  is 
ossified  to  the  shaft  at  about  the  ei^liteenth  and  the  inferior  not 
till  after  the  twentieth  year.  At  about  the  fifth  year  a  fourth  ossific 
centre  is  deveh^ped  in  the  cartilage  of  the  great  trochanter,  and  a 
fifth  centre  makes  its  appearance  in  the  leaser  trochanter  at  about 
the  fourteenth  year.     These  latter  are  sometimes  called  apophyses. 

Moj4t  of  the  long  bones  are  developed  in  this  way,  consisting  at 
first  of  a  diaphysis  witli  two  epipliyses  (the  clavicle  and  the  long 
bones  of  the  hand  and  foot  have  only  one),  and,  in  some  instances, 
one  or  more  apophyses. 

Tiie  epiphyit*  ^^  ^^  ^  curfous  fact,  that  the  union  of  the  various 

tbfi^^r**bi*  apophyses  to  the  epipliyses  and  of  the  epiphynes  to  the 
uniiisd  to  Uie  shaft  talccs  place  in  the  inverse  order  to  that  in  which 
tlieir  ossification  began.  Thus  the  lesser  trochanter  of 
the  femur  obbiins  an  osseous  union  to  tlie  rest  of  the  bone  first; 
the  great  trochanter  next;  then  the  upper  epiphysis,  and  last  of 
all  the  lower  epiphysis  is  joined  to  the  shaft.  80  many  other  in- 
stances of  a  similar  relation  bet^veen  early  ossification  and  late 
ccialescence  of  parts  are  to  be  obsen'ed  in  the  skeleton  of  man  and 
in  tlie  lower  animals,  that  it  may  be  regarded  as  a  law  in  the  deve- 
lopment and  gTo^\i:li  of  the  bones.  A  few  instances  have  occurred, 
in  which  the  union  of  the  epiphyses  with  the  shafts  has  been  de- 
layed much  beyond  the  ordinary  period.  Otto^  observed  all  the 
epiphyses  separate  in  the  skeleton  of  a  man  tet,  27,  and  in  others 
set.  22  and  23. 

The  ossification  in  the  cartilage  of  tlie  epiphyses 
not  only  commences  later  but  proceeds  more  slowly  than 
in  the  shafts.  It  is  remarkable  that,  although  the  car- 
tilage of  an  epiphysis  presents  throughout  the  same  characters, 
ossification  takes  place  in  a  part  of  it  only;  a  thin  portion  next 
the  surface  of  the  joint  remains  unoasified,  and  forms  the  articuhr 
cartilage.  This  becomes  in  course  of  time  somewhat  more  opaque 
and  more  dense;  but  I  am  not  aware  that  it  has  ever  been  known 
to  be  converted  into  true  bone,  even  in  morbid  states  or  in  old  age. 


ArticoUr 
tllAKenot 
CMoUled. 


*  Paih.  AncU,  by  South,  p,  116. 
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It  has  already  been  mentioned,  that  the  canal  for  the  medullary 
artery  ia  directed  towards  the  epiphysis  last  formed;  and,  there- 
fore, towards  the  one  first  united  to  the  shaft.  These  relations  are 
almost  invariable,  though  I  do  not  know  what  especial  purpose  is 
served  by  them. 

cjQoaectUMi  of  The  mediura  connecting  the  epiphysis  and  the  shaft, 

Sfte^wu^  where  the  work  of  ossitication  is  going  on,  is  softer  than 
yrdjaligUi  g^ny  other  part  of  the  bone;  and  separation  of  the  two 
is  no  uncommon  thing  in  children.  When  thk  accident  occurs,  a 
thin  layer  of  the  calcifying  cartilage  generally  remains  \\dth  the 
epiphysis,  and  may  cause  a  crepitus  to  be  perceived  if  the  parts 
l>e  moved  upon  one  another.  This  will  also  be  found  to  be  the 
case  when  the  epiphysis  is  torn  away  from  the  shaft  of  a  fictal  bone 
after  death.  The  soft  comiccting  medium  may,  during  cliildhood, 
be  the  seat  of  acute  ulceration,  leading  to  separation  of  the  epiphysis 
frora  the  shaft  J  a  fact  wliich  has  not  received  the  attention  de- 
manded by  its  importance  and  the  frequency  of  its  occurrence.  It 
must  not  l>e  forgotten,  however,  that  advantages,  more  than  out- 
weighing these  inconveniences,  accnie  to  the  young  skeleton  from 
this  9ubdi\i3ion  of  its  skeleton  and  the  interposition  of  cartilaginous 
plates  between  its  segments.  Besides  the  greater  facilities  for 
growth  thus  afforded,  its  flexibility  is  thereby  greatly  im^reased; 
and  its  escape  from  injury  during  the  many  falls  incidental  to 
this  time  of  life  is,  in  no  small  degree,  attributable  to  this  cause* 
With  reference  to  this  latter  point  it  may  be  remarked,  that  in  the 
reptiles  which  crawl  and  push  themselves  along  the  ground,  and 
whose  skeletons  are  accordingly  not  subjected  to  sudden  jars — the 
crocodile  and  tortoise  for  instance — there  are  no  epiphyses  at  the 
ends  of  the  long  bones;  the  growth  continuing  at  their  exti'emities 
through  the  medium  of  layers  of  ossifying  cartilage,  retsiined  be- 
tween the  articular  cartilage  and  the  ends  of  the  bones,  in  the  same 
manner  as  at  the  condyle  of  the  lower  jaw  and  at  the  acromial  end 
of  the  clavicle  in  the  human  skeleton.  Whereas  io  the  leaping 
frog  the  extremities  of  tlie  humeri  and  femora  long  remain  as 
separate  epiphyses*. 

1  Owen'fl  ffomologiaj  p,  105- 
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Uicflofapopfey-  There  arc  probably  also  some  additional  reasons  for 
«i*i  nuclei  ^j^g  development  of  separate  osseous  centres  in  the  epi- 
physes of  the  long  bones,  a  knowledge  of  which  will  gavesome  more 
satiiifactor)'  explanation  than  we  are  at  present  able  to  find  of  the 
absence  of  such  centres  in  some  situations;  for  instance,  at  the  acro- 
mial end  of  the  clavicle^  and  at  one  or  other  end  of  each  of  the  long 
bones  of  the  hand  and  foot,  Tliere  must  be  also  some  especial 
reason  for  the  freqnent  formation  of  apophyses  or  separate  osseous 
nuclei  at  the  extremities  of  most  of  the  projecting  processes  in  the 
skeleton.  They  are  so  common  in  these  situations  tliat  we  may 
search  with  confidence  for  an  epiphysis  as  the  normal  appendage  to 
every  prominence  which  stands  out  in  a  marked  manner  from  its 
bone,  such  as  the  trochanters  of  tlie  thigh-bone,  the  spinous  pro- 
cesses of  the  vertebrae,  &c.  This  led  me  to  look  for  an  cpipliysial 
nucleus  at  the  summit  of  the  odontoid  process  of  the  axis  (see  Plate 
Yil.  fig.  4),  These  nuclei  are  often  very  thin,  situated  at  the  very 
extremities  of  the  processes,  not  formed  till  late,  till  the  ossification 
of  the  processes  is  nearly  completed,  and  they  do  not  long  remain 
separate.  They  cannot,  therefore,  contribute  much  assistance  in 
building  up  the  processes,  and  one  is  rather  at  a  loss  to  discover 
their  use.  To  say  that  they  correspond  with  similar  separate 
portions  in  the  lower  animals  helps  very  little ;  as  the  question  still 
presents  itself,  "what  purjiose  do  they  serve  in  them?'*  inasmuch  as 
in  them  aLso  these  apopliyses  soon  become  united  witli  tlieir  pro- 
cesses, verj"  few  if  any  of  those  nuclei  to  which  I  now  refer  re- 
maining as  permanently  separate  bones  in  any  animal  skeleton, 
omirth  of  i»oe»  We  havc  next  to  consider  the  mode  of  growth  of  the 
in  length,  boucs.    It  miLst  be  remembered  that  the  present  remarks 

app!y  to  the  femur  and  other  l>oiies  of  the  like  kind.  They  grow 
in  length,  and  they  grow  in  thickness;  but  the  increase  in  the  two 
directions  is  not  efiected  in  the  same  manner.  The  growth  in 
lengtli  takes  place  chiefly  through  the  medium  of  the  cartilage 
interposed  between  the  shaft  and  each  of  the  extremities,  which  is 
continually  receiving  additions  to  its  thickness^  and  as  continually 
undergoing  ossification,  in  the  part  next  the  shaft.  That  the  length 
of  the  shaft  is  thus  increased  by  additions  to  its  ends,  instead  of  by 
interstitial  growth,  was  shown  long  ago  by  the  experiments  of  Hales 
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and  John  ilunter.  The  latter  bored  two  liolea  in  the  tibia  of  a 
youiig  pig  and  pnt  a  shot  into  each,  measuring  on  a  card  tlie  dis- 
tance between  them;  when  the  pig  w^aa  full  grown  the  holes  were 
found  at  exactly  the  same  distance  from  each  other  as  at  the  first. 

A  scries  of  prejjarations  il Illustrative  of  the  same  fact  are  to  be  found 
in  St  Bartholomew's  Museum.  The  experiments  have  l>een  repeated 
in  the  tibia  by  Flourens'  with  the  like  result.  It  appeared  from 
these  that  tlie  growth  at  the  upper  extremity  of  the  shafts  exceeds 
tJiat  at  the  lower.  This  i>robably  has  relation  to  the  fact  that, 
in  the  tibia,  the  upper  epiphysis  remains  separate  from  the  shaft  to 
a  later  period  than  the  lower,  permitting  the  ossifying  process  to 
go  on  longer  at  that  end  of  the  shaft. 

The  fact  tlmt,  the  growth  of  a  bone  in  lenpjth  takes 

Growth  after  ,  . 

exciaioa.  of  th  -  placc  chicfly  through  the  medium  connecting  the  epiphyses 
with  the  shaft,  has  of  late  assumed  a  greater  practical 
importance  since  the  successful  revival  of  the  operation  of  excision 
of  the  knee.  It  is  maintained  by  some,  that  if  the  operation  be 
performed  in  children  the  limb  will  not  grow  in  like  proportion 
with  its  fellow,  and  w^ill,  therefore,  be  comparatively  iL^eless.  This 
has  not  been  fomid  to  be  so  in  all  cases;  and  it  is  highly  probable 
that  the  subsequent  proper  gro^^^h  of  the  limb  will  depend,  in  a 
great  mcasme,  upon  tlie  quantity  of  bone  which  is  sawn  away.  If 
the  epiphyses  were  completely  removed  and  the  shaft  of  the  femur 
became  directly  imited  with  that  of  the  tibia,  we  should  have  much 
reason  to  fear  that  the  objection  urged  against  the  ojieration  might 
prove  valid.  But  if  care  be  taken  to  leave  a  thin  slice  of  t!ie  epi- 
physis in  connection  witli  each  of  the  bones,  and  if  the  case  pro- 
ceeds favourably,  it  is  probable — indeed  experience  has  proved  it 
to  be  pretty  certain^that  the  growth  will  go  on  with  little  inter- 
ruption and  a  useful  limb  be  retained^  It  should  be  borne  in  mind, 
in  reference  to  this  i>oint,  that  as  the  growth  in  length  takes  place 
almost  entirely  by  addition  at  the  ends  of  the  shaft.^  and  ossification 
advances  from  them  into  the  cartilage,  which  is  in  continual  process 
of  formation  between  them  and  the  epiphyses,  the  epiphyses  do  not 
increase  much  in  depth,  and  do  not,  therefore,  as  growth  advances, 
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maintain   tlie  aame  relative  aize  with  regard  to  the  shnftfl  which 
they  had  in  the  tcetal  and  infantile  periods.     Hence  it  is  advisable, 
especially  in  the  case  of  the  tibia,  where  the  epiphysis  is  thin,  to 
csLtry  the  saw  aa  near  to  the  articular  surface  as  possible. 
Oftjwtiitn  'I'l*-'  iii^^rease  of  the  lx>neB  in  thickness  is  effected, 

thickrifeM.  j^^^  through  the  medium  of  cartilage,  but  by  the  forma- 
tion of  ossifying  blastema  between  the  jieriosteuni  and  the  l>one. 
This  blastema  corresponds  with  that  which  is  produced  in  the  cavi- 
ties and  canals  in  the  interior  of  the  bone,  and  ossification  takes 
place  in  it  in  precisely  the  same  manner.  At  the  periods  when 
growth  is  most  rapid  the  blastema  on  the  exterior  of  the  bones  is 
most  abundant,  and  the  connection  between  the  fjcriostcum  and 
the  bone  is  alight,  wliicb  accounts  for  the  fact,  already  mentioned, 
that  the  periosteum  may  be  easily  torn  away  in  foetuses  and  young 
persons, 

The  new-formed  subperiosteal  bone,  teing  at  first  porous  and 
rather  rough  in  consequence  of  its  incomplete  fonnation,  and  in 
consequence  of  the  large  size  of  the  cavities  and  spaces  for  vessels 
and  unos^ified  blastema  in  its  substance,  has  been  called  by  Mr- 
chow  **  pumice-stone-like"  osseous  matter.  Gradually  it  becomes 
condensed  by  the  ossification  of  the  blastema  contained  in  its  pores 
and  canals,  and  is  rendered  smoother  and  harder.  The  rougli 
pumice-stone-Hke  condition  of  the  exterior  of  the  bones  is  very  re- 
markable in  some  cases  of  rickets  where  the  ossifying  processes  go 
on  hastily  and  imperfectly.  The  bones  in  such  instances  some- 
times acquire  double  their  natural  size,  but  long  remain  light, 
rough,  and  cnmibling.  In  course  of  time,  however,  even  in  these 
the  crevices  may  be  filled  up,  a  »mooth  surface  produced  and 
greater  solidity  given. 

In  the  adidt  the  blastema  ceases  to  form.  There  is  conse- 
quently a  cessation  of  growth  on  the  exterior  of  the  bone,  and  the 
connection  of  the  l>one  with  the  periosteum  becomes  more  firm. 
In  the  old  person  the  ossifying  process  often  recommences.  It 
does  not  appear,  how^ever,  then  to  take  place  through  the  medium 
of  a  blastema,  but  rather  to  extend  slowly  from  the  bone  into 
the  structure  of  the  periosteum  and  of  the  tendinous  structures 
implanted  vrith.  it  into  the  bone.     This  gives  rise  to  those  nodules 
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and  spicules  wliicb  so  often  roiiglicn  the  exterior  of  the  liones  of  the 
aged,  and  accounts  for  tlie  close  adliesion  and  thinness  of  the 
periosteum  commonly  obser\xd  in  tlieni* 

It  has  already  been  stated  that  the  bones  are  orisn- 

Fermationof  ^  *^  ,  . 

the  roeduiJiiry  nallj  soHd,  and  that  a  process  of  rcsoqition  of  the 
osseous  snbstance  follows  very  qnickly  njion  its  forma- 
tion, gi>"ing  rise  to  the  various  cavities  and  canals.  At  birth  the 
cancellous  spaces  are  few  and  the  medullary  cavities  very  small, 
mere  canals  containing  the  medullary  arteries  and  a  small  (|uantity 
of  foetal  marrow.  As  the  child  grows,  and  more  particularly  as  the 
bone  is  thickened  by  new  deposit  on  its  exterior,  the  medullary 
ca\^ty  is  enlarged  and  the  cancellous  spaces  are  increased.  So  that 
here  again,  as  in  the  longitiidinal  increase,  there  is  no  need  for 
interstitial  growth;  the  bone  receives  continual  additions  on  the 
exterior,  and  undergoes  continual  absorjition  at  the  interior.  The 
two  processes' — the  externa!  addition,  and  the  internal  absorption- 
are  proportionate  to  one  another,  and  are  carried  on  in  such  dne 
relation  as  is  required  to  bring  the  bone  to  its  proper  adult  size  and 
weight'.  After  these  have  been  obtained,  the  hollowing  out  of  the 
interior  ceases,  as  well  as  the  growth  of  the  exterior;  and  a  con- 
siderable period  elapses  dnring  which  the  bone  remains  stationar}', 
or  nearly  so.  Again,  in  old  age  the  two  processes  come  into  acti- 
vi^ :  the  medullary  cavities  and  the  cancelli  become  enlarged,  and 
ossification  rcceives  a  new  impulse  on  the  exterior,  Tlie  projjortion 
between  the  two  processes  is,  however,  now  the  reverse  of  what  it 
was  before.  During  the  ascent  to  the  adult  state,  addition  was 
greater  than  absorption,  so  that  the  bones  gained  in  weight.  In 
the  decline   to  old   age,   absoq)tion    is  greater  than  addition,   the 


^  Flourena  believea  the  meduUary  membrano  and  the  periosteum  to  be  identica), 
aad  that  the  former  \s  the  agent  in  the  resorption  of  the  interior,  as  is  the  latter  in  the 
fbrmntion  of  tho  CTtterior,  Hib  experimeDta,  however,  do  not  appear  conclusive  on 
these  points.  Tkioric  FxpinmentaU  de  la  Fcrmiithn  da  i\  Paris,  1847,  P-  34-  ^I 
varying  hw  expcrimenUi  he  fimk  that  tho  functicins  of  the  two  niembranefl  may  be 
rcvemedj  the  metluUary  mcniLraDe  h<!ing  maile  the  agent  in  reproducing  and  the  peri- 
osteum in  absorbing  the  bone  (p.  42).  The  flmall  bonoa  of  one  animal  introduce^i  into 
tbe  interior  of  tho  larger  ones  of  another  become  gradually  al>8orl>c<l,  juat  as  the  ivory 
peiga  iDBertcHl  into  the  hones  in  cases  of  ununited  fracture^  in  procesa  of  time,  become 
rougbetied,  and  gnally  disappear. 


lioUowing  out  of  the  interior  is  more  marked  than  the  ossification 
on  the  exterior;  indeed  the  latter  ean  sometimes  scarcely  be  per- 
ceived; and  there  is  conseqnently  a  h^ns  of  weight. 
Modelling  pro-  '^^^^  association  of  absorption  with  deposition,  re- 
owBonthe  marked  by  Hunter  and  called  by  him  the  ''modelliner 
process/'  is  not  entirelj  confined  to  the  interior  of  the 
bones.  It  takes  place  sometimes  on  the  exterior,  contributing  to 
their  shape  and  to  their  lightness.  Thus  the  flat  cranial  bones, 
when  fully  formed,  are  thinnest  near  tlieir  centres,  the  verj^  parts 
where  they  were  thickest  at  an  earlier  period;  and  in  the  scapula 
the  laminje  which  form  the  middle  of  the  infra.^pinal  space  l>ecome 
gradually  thinner  and  moi-e  transparent  as  the  edge  of  the  bone 
l>ecomes  thicker.  Occasionally  they  are  entirely  removed,  leaving 
an  aperture  or  a|>erture9  wliich  are  closed  by  fibroiLS  tissue.  Thus 
it  happens  that  in  old  age,  and  in  some  cases  of  moUities,  the  flat 
bones  are  rendered  thinner  and  the  shafts  of  bones  are  rendered 
smaller,  and,  at  the  same  time,  it  may  be,  more  compact,  by  the 
approximation  of  their  laminpe, 

interautiAi  These  statements  respecting  tlic  growth  of  bone  are, 

*^**^  doubtless,  on  tlie  whole,  true;  and  a  bone  may  there- 

fore be  placed,  as  regards  the  manner  of  its  increase,  if  we  leave 
the  process  of  absorption  out  of  the  question,  nearly  on  a  level  with 
a  shell,  inasmuch  as,  like  a  shell,  it  grows  by  the  addition  of  fresh 
lamime  dei>osited  upon  it  through  the  vessels  of  an  external  mem- 
brane. It  is  difficult  to  divest  oneself  entirely  of  the  idea  of  inter- 
stitial growth  taking  place  to  some  extent  in  the  bones,  even  if  it 
be  only  as  an  adjunct  to  the  other  means  above  described;  but  the 
more  our  knowledge  of  the  changes  that  take  phice  in  liones  be- 
comes extended,  so  much  the  more  do  we  find  tlie  processes  re- 
solved into  mere  addition  at  one  pai*t  and  subti*action  from  another. 
The  quantity  of  animal  matter  in  the  bones,  however,  and  the 
analogy  of  other  tissues  are  suggestive  of  a  certain  amount  of  inter- 
stitial growth,  and  lead  us  to  the  conclusion  that  thb  question  must 
l>e  regarded  us  not  lx*iug  at  present  quite  satiafitctorily  determined, 
OnfflentiQn  or  ^^^  ossification  of  the  short  bones  takes  place  on 

Abort  b(»o«&       much  the  same  plan  as  tliat  of  the  long  bone>s;  except 
that  they  are  formed  in  greater  proportion  from  cartilage  than  from 
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Ijeriosteal  blastema.  There  being  also  no  great  increase  of  size 
in  any  one  direction  they  do  not  require  epiphyses.  Accordingly 
the  OS  calcia  and  the  bodies  of  the  vertebr®  are  the  only  ones 
furnished  with  them. 

For  a  detailed  account  of  tlie  fomiation  of  lx>ne»  the  results  of 
experiments  with  madder,  &c,  I  mu^t  refer  to  otiier  hoalcj?,  &uch  as 
the  last  edition  of  Quain*8  Anatomy^  or  KoUiker's  Manual  of 
Human  Jlistohtjif,  There  ai-e,  however,  a  few  additional  points 
of  a  more  general  character  to  which  I  woidd  direct  attention* 

jIjj,  The  Hha^M}   of  the   bonea   (find  here   it   may  he  re- 


sthe  marked  that  the  uniformity  with  which  they  acquire 
their  pro^jer  sluipe  is  tndy  marAcMuUi*)  must  be  due 
chiefly  to  those  same  (kvehipmental  forces  wlierehy  the  shape  of 
tlie  bfidy  generally  is  determined.  Future  investigation  may  point 
out  the  proximate  causes  by  which  shape  is  evolved;  at  present 
we  have  little  or  no  clue  to  them.  There  are,  however,  8urae  few 
secondary  agents — assistants  n^  they  imiy  lie  termed  to  the  primary 
developmental  processes — whose  intluence  we  can  trace  in  moiddijig 
the  shapCj  &c.  of  the  bones :  one  of  the  chief  of  these  is  Pressure, 
The  effect  of  its  operation  may  Ije  observed  in  a  variety  of  ways. 
Thus  the  modelling  of  the  cranial,  thoracic^  and  other  Ixmes  up<^n 
the  parts  enveloped  by  them  must  be,  in  some  measure  at  least,  a 
result  of  the  pressure  of  those  part^  ujxjn  the  osseous  material  in  its 
soft  growing  state.  Tlie  furrrtws  and  chaimels  of  the  bones  are,  in 
like  manner,  partly  originated  and  preserved  by  the  pressure  of  the 
tendons,  nerv^es,  and  vessels  upon  them.  They  do  not  exist  when 
these  are  absent;  and  they  disappear,  becoming  filled  up,  when 
these  are  removed.  The  ciu^vatures  of  the  bones,  though  chiefly 
attributable  to  the  forces  of  dcvclo]>nient  (page  15],  may  also,  in 
some  slight  degree,  be  owing  to  the  influence  of  pressure;  some  to 
the  pressure  of  adjacent  organs;  some  to  pressure  caused  by  the 
action  of  the  muscles  pulling  upon  them  in  the  fcctal  state,  or  by 
the  weight  of  the  liody  compressing  theni  afterwards.  It  has  been 
Ijefore  remarked,  and  may  be  again  mentioned  in  connection  with 
this  subject,  that  the  bones  are,  as  a  general  rule,  most  cur\^ed  in 
tliose  [persons  whose  musculnr  strength  is  greatest,  that  is  to  say, 
where  the  prc^ssure  upon  them  resulting  from  muscular  action  is 
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greatest;  weak  persons,  on  the  contrary,  provided  they  be  not 
rickety^  have,  for  the  most  part,  comparatively  straight  l>one3. 
*DdiiiegToi*tiL  Another  interesting  point,  connected  with  the  in- 
fluence of  pressure  upon  the  sha|>c  and  size  of  the  liones,  is  the  fact, 
that  the  growth  of  one  bone  is  very  commonly  arrested  by  its  meet- 
ing with  another;  the  tendency  of  both  to  increase  being  checked 
by  their  mutual  pressm^.  Thus  the  spreading  of  the  cranial  bones 
beyond  their  proper  limits  is,  in  the  natural  state,  prevented  when 
their  edges  me^t.  The  want  of  this  check  is  observable  in  cases 
of  hydrocephalus,  where  the  bonea  go  on  growing  beyond  their 
natural  size  beeause  their  edges  are  kept  apart  by  the  increasing 
fluid  of  the  ventricles.  A  slill  l>etter  example  of  the  same  thing  is 
afforded  by  the  palate.  The  alveolar  and  palatine  processes  of 
the  opposite  maxillary  and  palate  bonea  ordinarily  coalesce  with 
one  another  and  with  the  vomer  in  the  median  line,  and  put  a 
stop  to  one  another* s  growth.  Supposing,  however,  that  in  con- 
sequence of  an  imperfection  of  development,  the  maxillary  and 
palate  bonea  fail  to  reach  the  middle,  then,  as  may  be  seen  in  a 
specimen  preserved  in  the  Cambridge  museum,  the  vomer  and  in- 
tenuaxillary  bones  grow  on  beyond  their  proper  level,  and  project 
in  front  of  the  line  of  tlie  alveolar  arch.  In  a  case  where 
the  zygomatic  process  of  the  temporal  bone  was  extremely  short 
the  deficiency  was  supplied  by  a  compensatory  elongation  of  the 
malar  bone*.  In  congenital  deficiency  of  the  nasal  and  lachrymal 
bones  their  place  has  been  supplied  by  the  maxillary  bone,  and  in 
that  of  the  frontal  bone  the  parietal  haa  become  pretematurally 
enlarged*.  Cases  of  congenital  dislocation  of  the  joints  sometimes 
furnish  illustrations  of  the  same  tiling.  Thus  the  deficiency  of  the 
external  condyle  of  the  humerus,  which  is  an  attendant  on  this 
malformation  at  the  elbow,  is  usually  found  to  be  associated  with 
such  preternatural  elongation  of  the  neck  of  the  radius,  that  the 


^  Treat Lte  on  Fra^turfi,  d-c.  hy  R,  W.  Smitli,  p.  180.  Tliia  anomaly  rimilnds  iia 
of  the  natural  condition  of  the  kangaroo,  in  whieh  the  malar  bono  cxtenda  to  and 
forms  part  of  the  gleiioii!  cavity  for  the  lower  jaw, 

>  Otto'a  Path,  Anal,  hy  South,  p,  119. 
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extremity  of  that  bone  reaches  to  the  same  leyel  with  the  ole- 
cranon process  of  the  ulna*. 

Effect  of  ramoT-  ^1  illustration  of  the  effect  of  the  restraining  in* 
aiofpressura  fl^^jice  of  hahitiial  presgure  upon  the  growth  of  bones  ia 
aflforded  by  the  instances  in  wliich  it  has  been  removed.  When  the 
biceps  tendon  has  been  mptiucd  or  torn  away  from  its  groove  in  the 
tnmenis  the  groove  soon  becomes  choked  up  by  bony  growths  in 
the  interval  between  the  condyles.  In  cases  of  ujireduced  disloca- 
tion of  the  humerus  and  femiir  the  glenoid  ca\aty  and  the  acetabu* 
Imn  become  filled  up  with  knotty  growths  of  bone,  to  a  greater  or 
less  extent,  the  cartilages  lining  them  having  been  previously  re- 
placed by  a  sort  of  fibrous  structiire  through  which  the  ossification 
extends  from  the  bottom  of  the  cups.  At  the  same  time  it  is  to  be 
remarked  that  the  edges  of  the  cups  become  absorbed,  and  the 
displaced  bones  adapted  in  shape  to  their  new  position;  this  being 
partly,  if  not  entirely,  a  result  of  the  unusual  prGssm*e  to  which  they 
are  subjected  in  consequence  of  the  altered  relation  of  the  parts. 
Similar  changes  follow  the  removal  of  the  teeth;  the  bottoms  of  the 
sockets  being  filled  up,  and  the  edges  absorbed.  It  ha>s  been  noticed 
that  contraction  of  the  optic  foramen  from  growth  of  its  margins 
sometimes  follows  wasting  of  the  nerve;  and  thickening  of  the  skull, 
by  growth  of  its  internal  table  and  diploe,  is  a  well-known  attendant 
npon  some  forms  of  wasting  of  the  brain. 

p^,^^^^  ^  The   influence   of  pressure   also   in   promoting  the 

tnotiogabaorij-  ahsorptton  of  bonc  is  abundantly  illustrated  in  all 
pathological  collections.  It  is  found,  indeed,  that 
bone  yields  to  pressm*e  more  readily  than  some  other  textures. 
Thus  a  timiour  upon  the  exterior  of  the  dura  mater  will  make  its 
way  through  the  skall,  whereas  a  similar  tumour  upon  the  inner 
surface  of  that  membrane  grows  inwards,  encroaching  upon  the 
brain;  and  in  cases  of  aneuinsm  of  the  aorta  the  intervertebral 
substances  remain  intact,  standing  out  in  strong  relief,  while  the 
bodies  of  the  vertebra;  may  have  been  destroyed,  even  to  the 
exposing  of  the  spinal  cord. 


1  AduiDfl  in  0^1.  Anat  n.  77, 
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The  formation  of  the  bones  is,  as  one  might  antici- 
pate, very  closely  connected  with  that  of  the  adjacent 
tbvtofiiMyrtt  soft  part^,  both  of  those  which  lie  Ujwn  their  surface 
*°  *  "***  and  of  those  which  they  coyer.  I  cannot  call  to 
mind  any  instance  of  a  decided  failure  in  the  development  of  a 
portion  of  the  skeleton  without  its  being  attended  by  a  proportion- 
ate, or  nearly  proportionate,  failure  in  the  development  of  the  conti- 
guous over  and  underlying  soft  parts.  Thus  in  the  several  varieties 
and  degrees  of  acephalous  monstrosity,  the  failure  in  the  fonna- 
tion  of  tlie  brain  is  about  equal  to  that  of  the  skull ;  and  the  hairy 
scalp,  tlie  dura  mater,  and  the  intervening  tissues  are  blended  in  a 
homogeneous  membranous  envelope  at  the  line  where  the  deve- 
lopment of  the  skull  ceases.  The  same  thing  may  be  observed 
in  the  con^eaponding  condition  of  the  spinal  coliunn,  called  spina 
bifida.  In  it  the  deficiency  in  the  vertebral  arches  is  always 
associated  with  some  deficiency  or  aberration  in  the  cord,  the 
skin  being  also  generally  imperfect.  In  the  worst  cases,  where 
the  vertebral  arches  are  wanting,  the  cord  and  the  rudimentary 
skin  are  fused  and  expanded  together  in  the  form  of  a  common 
membranous  envelope.  A  fissure  in  the  alveolar  processes  of  the 
upper  jaw  is  usually  (always  if  it  be  a  complete  cleft)  associated 
with  hare-iip.  A  deficiency  in  the  body  and  s^Tnphysis  of  the 
pubes  is  always  accompanied  with  an  imperfect  formation  of  the 
corresponding  part  of  the  abdominal  wall  and  the  fore  side  of  the 
bladder,  leaving  the  posterior  surface  of  the  latter  and  the  openings 
of  the  mreters  exposed,  and  gi\^ng  rise  t^  the  malibrn^ation  called 
ectopia  vesicfe.  The  like  deformit)^  in  the  chest,  called  ectopia 
cordis y  consists  in  a  partial  or  complete  absence  of  the  sternum  and 
ribs,  w^th  more  or  less  deficiency  in  the  pericardium,  pleura,  heart, 
and  lungs  ^ 


h 


*  In  spina  bifida  thougli  the  ▼ertebral  canal  w  incomplete  the  vertebral  arches 
are  not  alwaji  defective.  They  are  sometimes  found  to  have  acquired  nearly  or  quite 
their  natural  len^h ;  but  app>caj-  to  hare  been  pressed  outwards  by  the  protruding 
aac  of  the  neural  membrancB,  iuHtead  of  approaching  each  other  from  opposite  sides 
and  coaleaciDg  in  the  middle  line.  In  a  pelviFj,  which  I  lately  had  on  opportunity  of 
examining,  taken  from  a  young  perwm  with  ectopia  veaio»,  the  pubic  bone*  prt^euted 
a  somewhat  similar  condition.     They  were  fanned  naturally  or  nearly  so;  if  anything 
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This  relation  between  the  development  of  the  hones 

fieLiMciiQ 

between  bonei  and  that  of  the  soft  parta  extends  ako  to  tlie  adaptation 
*nti  m  ea.  ^^  ^^^  atTuctiure  of  their  respective  tissuea  to  one  anothcr- 
The  bones  of  the  thoroughbred,  corres|xinding  with  the  hard,  wiry, 
active  nature  of  its  muscles,  are  smaller  and  denser  than  those  of 
the  cart-hora« ;  and  in  the  muscular  energetic  man  they  are  hard, 
well-formed,  with  well-marked  processes.  They  grow  in  strengtli 
with  the  increasing  power  of  liis  muscles  j  and  diminish  in  weight 
and  strength,  when,  from  old  age,  the  force  and  activity  of  the 
muscles  is  on  the  wane.  Not  only  do  the  bones  and  muscles  thus 
become  fonned,  grow,  and  waste  in  rehition  to  one  another  in  the 
ordinary  course  of  nature  at  the  different  periods  of  life,  but  the 
relation  is  preserved  when  by  any  accidental  circumstance  the  con- 
dition of  either  is  subjected  to  alteration.  Thus  tlie  muscles  waste 
when  t!ie  bones  or  joints  are  impaired;  and,  in  like  manner,  the 
bones  undergo  a  slow  but  sure  atrophy,  when,  from  paralysis  or 
other  cause,  the  muscular  force  abates. 

It  does  not  necessarily  follow  from  all  this  that  the  develop- 
ment, growth  and  nutrition  of  one  tissue  depends  in  a  direct  manner 
upon  the  other;  though  it  is  fur  from  improbable  that  some  more 
intimate  relationship  exists  between  the  several  structures  in  their 
formation  and  nutrition  than  we  are  at  present  aware  of.  It  may 
be  tliat  the  abstraction  of  certain  materials  from  the  blood  for  the 
production  of  one  tissue,  by  altering  the  relative  proportion  of  the 
constituents  of  that  fluid,  renders  it  better  adapted  to  the  formation 
of  others.  But  of  this  and  other  mutual  influences  of  a  similar  kind 
that  imagination  may  suggest  we  know  very  little.  Suffice  it  to 
say,  that  all  the  several  tissues  of  each  part  being  under  the  impulse 
of  one  common  developmental  force,  any  cause  which  disturbs  that 
force  with  regard  to  one  tissue  will  be  found  to  operate  in  a  more 
or  less  deleterious  manner  upon  the  others. 

When  once  the  bones  have  been  formed,  I  am  not  aware  that 
any  especial  sympatlietic  relation  can  be  very  cle^irly  traced  between 


4 


they  were  rather  ehort;  but  the  chief  cleformity  coneisted  in  their  being  directed 
forwards  tn  stead  of  forwarda  and  in  wan  In,  so  that  whjit  ehould  have  been  their 
symphysiftl  edges  wore  three  inched  ajBundcr. 
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them  and  the  adjacent  soft  parts,  even  in  the  case  of  the  viscera 
contained  in  the  cavities  encloaed  l>y  theraj  though  the  infitances 
in  which  suppuration  of  the  brain  has  ensued  upon  necrosis  of  the 
tahlea  of  the  skull,  and  the  frequent  association  of  disease  in  the 
lungs  with  caries  of  the  ribs,  may  be  suggestive  of  something  of 
this  kind, 

Tiw  ^nmnetiy  The  sj^mmetrjT  oi  development  m  the  corresponding 
oftbeokeictoii.  p^^^g  ^f  ^j^^  ^wo  halvcs  of  the  skcIcton  13  carried  out 
with  singular  uniformity.  We  now  and  then  find  it  interfered 
with,  by  the  absence  of  a  part  or  a  whole  hmb  on  one  side.  It  is, 
however,  more  frequently  maintained  even  in  cases  of  aberration 
from  the  ordinary  standard,  the  same  or  similar  deviations  being 
commonly  observed  in  the  opposite  members.  Still  less  frequently 
is  there  any  deviation  from  symmetry  in  growth^  the  parity  of 
length  in  the  corresponding  limbs  being  remarkably  imiform.  It 
is  maintained  in  dwarfs,  and  generally  in  rickets^  the  arrest  of 
growth  in  both  instances  being  commonly  symmetrical.  It  is 
not  often  interfered  with  even  by  disease,  unless  the  effects  of  the 
disease  have  been  sufficient  to  impair  the  limb  to  such  a  degree 
as  to  render  it  almost  useless,  in  which  case  the  loss  of  function 
may  exert  so  deleterious  an  influence  upon  nutrition  as  even  to 
interfere  with  growth.  Thus,  in  a  man  whose  left  arm  and  fore 
arm  were  grievously  distorted  by  the  cicatrix  of  a  bum  which  had 
occurred  in  childhood,  I  found  this  extremity  two  inches  shorter 
than  the  other,   the  difference  being  chiefly  caused  by  want  of 


'  In  the  Musde  Dupuytren  are  five  rickety  aketeionB,  in  each  of  which  one  femor 
ia  Sorter,  from  one  to  three  mehea,  thim  the  other.  (See  Atlaa  of  Muh^Sc  Pupujtrfm, 
where  aome  of  these  are  FepreBented,  PL  xx.  and  xxi.  ako  Cataiogne,  No.  516,  Ac.) 
Them  ia  nothing  to  iw:count  for  tbu  disparity  in  any,  iwid  the  pelvis  retains  Wa  proper 
Ittvel  in  them  alL  In  one,  the  leg-bones  of  that  side  are  longer  than  those  of  the 
opposite,  80  as  in  part  to  make  amends  for  the  de6dency  of  the  femur.  In  none  of 
the  others  has  thk  oocnired,  and  there  isj  consequently,  a  difierence  in  the  leogth  of 
the  two  extremiiies«  In  a  rickety  female  skeleton  in  St  Bartholomew's  miieeum,  the 
right  femur  meaaares  nearly  11  inches,  and  the  left  gj.  The  legbonea  are  longer  thaa 
the  ihigh-boneg,  and  a  slight  compensation  is  aSbrded  by  the  left  tibia  meaauring 
12J  incheSj,  the  right  mesisuring  ti^.  I  Imye  not  observed  tMa  disparity  of  growth  aa 
an  attendant  on  rickets  in  any  other  bones  than  the  thigh- bones^  except  in  the  instance 
of  the  leg  juBt  mentioned|  or  where  there  has  been  discaae  in  the  bono  or  a  oontiguous 
joint. 
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growth  in  the  fore  arm.  In  a  case  of  long-standing  disease  of  one 
knee  the  affected  limb  was  an  inch  and  a  half  shorter  than  the  other ; 
the  difference  being  chiefly  in  the  thigh.  In  an  infant  brought 
to  Addenbrooke's  Hospital  without  the  right  thumb,  with  contrac- 
tion of  the  fingers  and  other  imperfections  in  the  hand,  no  difference 
in  the  length  of  the  two  limbs  was  observed  at  birth ;  but  as  the 
child  grew,  though  the  arm  and  hand  maintained  nearly  tlieir 
proper  symmetrical  proportions,  the  fore  arm  scarcely  grew  at  all. 

The  examples  of  bones  exceeding  their  proper  s)Tnmetrical  pro- 
j>ortion8  in  any  marked  degree  are  very  rare.  In  the  28th  volume 
of  the  Medico- CMrurff teal  Tranmctuym  Mr  Curling  relates  cases 
where  one  or  more  fingers  or  toes  greatly  exceeded  the  others  in 
size.  The  difference  existed  at  birth  and  continued  relatively  the 
aame  with  the  growth  of  the  children. 

The  moat  remarkable  instance  of  the  kind  that  I  have  met  with 
is  that  of  the  skeleton  of  a  young  man  in  the  museum  at  Bonn, 
where  the  right  upper  and  lower  extremities  are,  in  each  of  their 
parts,  longer  than  the  left.  It  is  so  cimous  that  I  think  it  worth 
while  to  give  the  measurements  in  inches : 

Height,  58.  Length  of  Spine,   ig, 

CircumferenoD  of  heftd,  19.3. 

IligM  Htimenii,  11.  UIb*.,       g.4.  Hand,   y. 

Left  ditto      .     .  1 1.3.  Do.         8,6, 

Eight  Femor     .   17.1.  l^bjA,    17,  Foot^  9. 

Left  ditto      .    .  16,3.  Do,       14.3.  Do,    8,6, 

It  will  be  observ^ed  by  a  comparison  with  Tables  I.  and  IV.  given 
further  on,  that  the  right  extremities  have  acquired  a  length  dis- 
proportionate, not  only  to  that  of  the  left,  but  to  that  of  the  height 
of  the  skeleton  and  of  the  spine  in  particular.  The  disproportion  is 
most  marked  in  the  leg-lx>nes,  which  is  in  some  measure  aceoimted 
for,  by  those  of  the  right  side  having  been  the  seat  of  mflammation, 
as  shown  by  their  thickened  nodulated  condition.  There  are,  how- 
ever, no  traces  of  any  inflammatory  action  in  the  other  bones  *. 


i 


1  BouhUesa  thifl  is  the  inatanco  of  b  jjiertrophy  of  the  tibiiv  and  fibuk  mentioned  by 
Mr  Stanley   (BitcoHs  of  the  Bone*,   p.  i).      It  i»  dcficnbed  in  the  catalogue  of  the 
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THE   SENILE  SKELETON, 

A  few  words  more  may  be  added  respecting  the 
changes  that  take  place  In  the  booes  of  old  personn, 
al>ont  which  many  conflicting  statennents  have  been 
made.  One  thing,  I  think,  is  clear,  and  it  m  the  only  thing 
whicli  seems  to  reconcile  the  varioua  opinions  that  have  been 
given  upon  the  matter,  \iz,  that  the  Ix^nes  of  the  aged  differ 
a  good  deal  in  different  individuals.  The  writer  in  the  Ct/do- 
pmdia  of  Anatomy  aays,  that  his  experiments  on  the  condition 
of  the  bone«  of  old  persons,  though  inBtitutcd  during  several  years, 
were  entirely  unsatisfactory.  The  thigh-hone  of  a  woman,  who 
must  have  been  70  or  80,  was  thicker,  stronger,  and  contained 
more,  both  of  animal  and  earthy  materials,  than  that  of  any  adult 
with  which  it  was  compared.  I  have  repeatedly  observed  nearly 
the  same  thing.  Only  recently  I  had  occasion  to  remove  parts  of 
the  thigh-bones  from  the  body  of  a  woman  a^t,  75,  from  a  man  set- 
nearly  80,  and  from  another  man  let.  nearly  90.  In  neither  conld 
I,  without  close  examination,  have  distinguished  the  section  of  the 
flhaft  from  that  of  the  healthy  adult.  It  was  always  believed,  and 
the  belief  rested  upon  the  analyses  of  many  com|>etent  chemists, 
that  the  proportion  of  earthy  matter  underwent  a  progressive  in- 
crease from  the  Ix^ginning  to  the  end  of  life,  the  bones  of  the  old 
person  containing  a  greater  quantity  than  those  of  the  young  or 
even  of  the  adult ;  but  tlie  experiments  of  Stark  and  Von  Bibra, 
ali^ady  quoted,  are  in  opposition  to  this,  showing  that  the  con- 
stituents of  old  bone  and  young  bone  are  relatively  the  same. 

It  is  probably  in  the  varying  relations  in  which  the  two  pro- 
ceaeea  of  absorption  and  deposit,  described  at  page  46,  stand  to  one 
another  in  different  persons,  that  an  explanation  is  to  be  found  of 
the  want  of  uniformity  in  the  characters  of  the  bones  in  old  people- 
In  one  class  of  persons  the  progressive  absorption  and  deposition, 
proceeding  slowly,  are  nearly  bahinccd,  so  that  the  weight  of  the 
bone  remains  much  the  same,  differing  very  little  from  that  of  the 


rouaemn  m  "the  akeletou  of  ^  young  ra»n  with  diseased  ooDiUtion  of  bones  of  the 
right  log."     The  left  hand  and  nwUua  hftve  been  remoyed* 
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adult ;  tlie  only  alteration  h  that  the  cancellous  parts  are  somewhat 
more  rarefied,  the  medullar)^  cavities  somewhat  larger,  and  the  exter- 
nal wiiUs  somewhat  denaer  tlian  they  were.  In  another 
Qoaw  harder  class  the  tendency  to  bony  deposit,  exceeding  the  ten- 
**  '  dency  to  absorption,  may  not  only  evidence  itself  by 
causing  greater  hardness  of  the  outer  walls,  but  may  even  supersede 
the  process  of  resorption  in  the  interior,  ami,  encroaching  upon  and 
consolidating  the  cancellous  structure,  may  actually  increase  the 
weight  and  solidity  of  the  bones.  This  is  not  a  common  occurrence 
in  the  skeleton.  The  most  frequent,  if  not  the  only  well-niarked, 
examples  of  it  are  to  be  found  in  tlie  cranium,  which  often  becomes 
pretematurally  dense  and  heavy,  as  well  as  thick,  in  the  aged,  ita 
tables  being  thickened  and  its  diploc  becoming  eonsolidated. 
Ifumerous  specimens  of  ttiis  senile  change  in  the  skull  are  pre- 
served in  pathological  collections;  and  I  shall  again  revert  to  it 
when  treating  of  that  part  of  the  skeleton. 

GfinenJi7  be-  The  third  class  of  persons  consists  of  those  in  whom 

*""*  ^  '  the  progressive  absorption  goes  on  in  a  greater  ratio  than 
the  osseous  deposition.  This  is  much  the  more  numerous  class,  as 
might  be  expected.  Indeed,  if  the  alteration  be  not  excessive,  this 
may  be  regarded  as  the  regular  and  natural  comse  of  events.  The 
effects  of  this  increasing  ratio  of  absorption  are  first  and  most  felt  in 
the  cancellous  parts  of  the  bones;  such  as  the  spong}'  extremities  of 
the  long  bones ;  and  as  a  consequence  of  these  parts  becoming  rela- 
tively weakened,  they  are  proportionately  more  Uable  to  sustain 
injmy  in  the  aged  than  in  younger  persons.  Fractures  of  the  shafts 
and  dislocations,  so  common  in  the  adult,  are  comparatively  rare  in 
the  agedj  because  in  tlie  latter  the  atrophied  extremities  of  tlic  bones 
give  way  more  easily.  An  old  man  falls  upon  his  shoulder  and 
breaks  the  upper  end  of  his  liumerus  by  a  blow,  which,  in  his  ear- 
lier lifcj  would  have  dislocated  the  bone  into  the  axilla; — or  he  falls 
ui>on  his  thigh  and  breaks  the  neck  of  bis  femur,  a  part  of  the  bone 
wdiich,  in  the  adult,  would  have  withstood  a  shock  sufficient  to 
fracture  the  shaft  or  rend  the  strong  capsule  of  the  hip;— or  he  falls 
upon  his  hand,  and  the  lower  end  of  the  radius  gives  way,  an 
accident,  common,  it  is  true,  in  young  persons,  but  proportionately 
more   frequent   in   the   aged.     When   this  progressive  absorption 
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proceeds  beyond  due  limitSj  or  occurs  at  a  pretematurally  early 
period  of  life,  it  leads  to  that  form  of  atrophy  of  the  bones  which 
LB  called  molUiies* 

^^^^ ^^^  Associated  with  this  thinning  and  absoq^tion  of  the 

turapprosiiDA-  osscous  platcs  of  the  cancelli  there  is  commonly  an  ajj- 
proximation  of  the  tables  of  the  bone,  which  adds  to  tlie 
condenaation  of  the  harder  parts  of  the  stnictiu^.  This  is  best 
appreciated  in  some  of  the  flat  bones,  the  scapula  and  the  ilium 
for  instance,  where  the  outer  and  inner  tables  may  coalesce  at 
parts  so  as  to  form  but  one  plate^  which  may  be  reduced  to  the 
tliinness  of  writing-paper.  Its  effects  are  also  eometimes  well  seen 
in  the  skull. 

Associated  \Wth  these  chances,  in  some  instances,  is 

Tendencfto  ^  ^ 

oBseoiu  ffrowths  also  s  filight  tcudency  to  osseous  growths  on  the  exterior 
of  the  bones,  particularly  about  tJxeir  extremities ;  these 
growths  for  the  most  part  taking  place  at  the  expense  of  the  perios- 
teum and  of  the  tendinous  and  fibrous  tissues  implanted  there* 
This  accounts,  in  some  measure,  for  the  stiffness  and  lessened  range 
of  moYcraents  of  the  joints  of  old  people;  and  this  activitj^  of  the 
ossific  processes  on  the  siurfaces  of  the  bones  accomits  also  for  the 
fact,  that  fractures  at  this  time  of  life  unite,  if  they  unite  at  all,  as 
quickly  or  even  more  quickly  than  in  adults  ^ 

Not  only  may  the  quantity  of  lat  contained  in  the 
caicaretmi  marrow  of  the  bones  be  increased  as  a  consequence  of  the 
genen  on.  ^jjiurg^nient  of  the  cells  of  the  cancelli  and  the  medul- 
lary cavities ;  but  there  is  also  in  the  bones  of  many  old  persons 
a  good  deal  of  free  fluid  fat  not  enclosed  in  cells,  which  has  become 
soaked  into  the  bone  substance.  This  renders  the  thin  laminse 
more  opaque  and  gives  to  the  bones  a  yellowish  colour  and  a  greasy 
feel,  incapable  of  being  removed  by  long  maceration  and  repeated 
boiling,  WedP  e|)eaks  of  the  presence  of  calcareous  granules  in 
the  cancelli  of  old  individuals,  due  to  the  deposition  of  amorphous, 
calcareous  salts,  no  longer  capable  of  entering  into  an  organic 
union  with  the  osseous  tissue. 


^  See  AuMMtim  Medical  Journal,  1856,  p.  610. 

•  PaiMoffieal  Jlittotogy,  tranaUted  for  the  Sydenliam  StMnetji  by  George  Bosk, 
F.RS.,  page  141, 
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chAugwof  Tl^e  changes  of  shape  in  the  bones  which  take 

'^^  place  in  advancing  years  (with  the  exception  of  those 

in  the  jaws,  the  neck  of  the  thigh-bone  and  the  spine,  which  will 
be  described  when  we  come  to  ajjcak  of  those  bones)  are  few  and 
nnimportant.  I  have  seen  nothing  to  wan-ant  the  belief  that  the 
bones  Ixjcorae  more  bent  with  advancing  years.  The  loss  of  height 
which  is  experienced  as  a  man  grows  older,  amounting,  according 
to  Quetelet,  from  1^  to  2  inches  between  the  ages  of  50  and  90, 
results,  not  from  any  increased  flexures  in  the  bones,  but  partly 
from  a  diminution  of  the  elasticity  pf  the  cartilages,  the  interver- 
tebral HLro-cartilages  especially,  and  partly  from  the  erect  posture 
not  being  maintained;  for  the  joints,  even  when  the  old  man 
attempts  to  stand  most  upriglit,  are  all,  or  most  of  them,  a  little 
bent.  This  incomplete  state  of  extension  of  the  joints  is  not  with- 
out its  good  effect  in  preventing  the  communication  of  jars  from 
one  part  to  another. 

The  ossification  of  the  cartilaffcs  of  the  ribs  is  com- 

OasJllcatlon  ^  . 

oTooeUi  nionly  regarded  as  being  simply  a  senile  change,  and 

tlie  instiuice  of  Old  Parr,  noted  by  Dr  Harvey,  in  which 
they  remained  soft  and  easily  cut,  is  quoted  as  a  mar\'elloua 
exception  to  the  general  nde.  My  own  ol^servation  has  furnished 
many  exceptions,  not  so  striking  of  com*ae,  but  sufficiently  marked 
and  sufficiently  numerous  to  make  me  question  the  rule.  In  almost 
all  the  old  persons  on  whom  I  have  had  the  opportimity  of  making 
a  post  mortem  examination,  T  have  observed  the  cartilages  of  the 
ribs  to  l:>e  discoloured  and  yellowish,  but  soft,  so  as  to  )neld  easily 
to  the  knife  and  render  the  saw  imneceasary;  and  in  the  skeleton  of 
a  person  aet.  100,  in  the  Berlin  Museum,  the  costal  cartilages  are  still 
unossified;  w^hereas  they  are  commonly  ossified  and  requiring  to  be 
sawn  through  in  adults  who  have  been  addicted  to  drinking  and 
have  become  mihealthy,  I  am  on  the  whole,  therefore,  disposed  to 
regard  the  ossification  of  the  costal  cartilages  as  a  sign  of  disease 
rather  than  of  age.  The  morbid  condition  which  induces  it  in  the 
adult  may  induce  it  also  in  the  aged,  though  I  have  not  remarked 
that  it  does  so;  and  I  suspect^  that  those  in  whom  it  occurs  do  not 
often  attain  to  great  age* 
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PATHOLOGICiVL  CONSIDERATIONS. 


* 


It  is  not  my  intention  to  enter  at  any  length,  or  m  a  Bystematic 
manner,  upon  the  wide  field  of  the  pathology  of  the  human 
skeleton,  but  merely  to  offer  a  few  remarks  which  eonneet  them- 
Bclves  with  the  accoimt  above  givenj  of  the  formation,  shape,  &c. 
of  the  bones. 

Bdatjmibe-  ^^  might  seem   probable,   that  those   parts  of  the 

twnen  order  of   skeleton  which  are  latest  in  their  development  would 

d«rve]optuent        _  .  ,  ,         ,      ,  ,   .  ,  ^  _ 

wMi  liability  to   be  the  Weakest  in  their  nutritive  powers,  and   would 


give  e\'idence  of  that  weakness  by  a  greater  liability 
to  disease  than  other  parts.  Certainly  the  analogy  furnished  by  the 
teeth  is  in  fevonr  of  that  view.  They  are  the  last  of  tlie  solid 
structures  of  the  body  evolved,  and  they  are  the  first  to  decay  and 
be  removed.  Moreover,  they  decay  pretty  much  in  the  inverse 
order  of  their  appearance.  The  "wisdom**  teeth  first,  the  **  in- 
cisors'* last.  I  do  not  find,  however,  that  such  a  rale  holds  good 
with  regard  to  the  other  bones  of  the  skeleton,  in  a  sufiiciently 
constant  manner  to  render  it  of  any  practical  value.  True,  the 
lines  of  union  of  the  epiphyses  are  not  unfrcqucntly  the  seat  of 
inflammation  and  ulceration,  that  of  tlie  lower  end  of  the  femur 
more  often  than  any  other;  but  this  takes  place  before  the  union  is 
complete,  while  the  part  is  in  a  soft  state.  When  once  bony  union 
has  taken  place,  these  are  not  more  liable  to  disease  than  other  parti 
of  the  skeleton,  indeed  not  so  much  as  the  shafts  of  the  long  bones. 
The  clavicle,  I  grant,  is  not  often  the  seat  of  disease,  though 
it  tiikes  the  lead  in  ossification;  but  the  shafts  of  the  long  bones 
of  the  extremities,  which,  in  their  ossificatioUj  follow  very  quickly 
upon  the  clavicle,  are  endowed  with  no  such  immunity.  Though 
formed  very  early  they  are  very  often  the  seat  of  disease;  inflam* 
mation,  syphilis  and  cancer  attacking  them  more  frequently  than 
they  do  the  epiphyses  or  the  short  bones,  in  which  ossification 
is  later. 
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The  liability  of  correspond  in  g  parts  of  the  skeleton 
cf^M^n**  to  suffer  in  a  similar  manner—their  symmetrical  ten- 
ofUuaflKtad  Jenev  to  disease,  as  it  is  called — has  already  been 
noticed  (p.  16)-  It  is  most  marked  when  the  dise^e 
depends  upon  some  morbid  condition  of  t!ie  blood;  for  instance, 
when  it  is  of  a  sypliilitic  character.  Besides  this  symmetry  in  its 
diseases,  there  can  be  no  question  that  there  is  a  harmony  in  the 
pathological  relations  of  the  various  parts  of  the  same  skeleton,  as 
there  is  in  t!ie  case  of  the  other  tissues,  several  bones  being  often 
associated  in  similar  morbid  conditions.  Thus,  scrofulous  inflam- 
mation fi*cquently  affects  several  parts  of  the  skeleton  in  tlie  same 
individual,  or  shifts  from  one  bone  to  anot!ier,  withont  extending  to 
any  other  stnu'ture.  Tlie  same  is  tme  of  certain  fonns  or  stages 
of  syphlHs.  Tliere  have  also  been  remarkable  instances  of  exos- 
tiises  springing  from  many  bones  of  the  same  skeleton;  and  the 
appearance  of  mollities  or  cancer  in  one  bone,  suggests  a  well- 
grounded  apprehension  that  others  are  or  soon  will  be  involved. 

The  shafts  of  the  Ions:  bones  are  the  parts  in  which, 
■ubjtctfco  more  than  in  others,  the  process  of  addition  to  the  exte- 
rior, by  means  of  ossific  blastema,  tiikes  place  during 
growth,  and  they  are  also  the  parts  in  which  consolidation  of  the 
structure,  by  deposit  in  the  haversian  system,  proceeds  to  the  great- 
est extent,  and  from  which  the  periosteum  is  most  easily  detached. 
We  cannot  but  associate  tliese  peculiarities  with  the  facts,  that 
they  are  also  the  parts  in  which  reimion  of  fractures  takes  place 
most  quickly,  and  that  they  are  most  subject  to  necrosis  and  that 
morbid  thickening  and  condensation  which  is  called  hy^terostosia  or 
sclenms.  The  latter  is  an  affection  of  an  inflammatorj'  kind, 
and  does  not  commonly  extend  to  the  epiphyses,  though  it  usually 
affects  the  whole  length  of  the  shaft;  in  the  worst  cases  it  involves 
the  interior  of  the  bone,  solidifies  the  cancellated  structure  and 
blocks  up  the  medullary  canal,  as  well  as  causes  deposit  upon  the 
exterior.  At  tlie  extremities  of  the  bones,  on  the  other  hand,  where 
the  structure  is  more  spongy  and  the  periosteum  more 
closely  attached,  inflammation  is  commonly  more  loca- 
lized, and  leads  to  ulceration,  much  more  frequently  than  to 
necrosis  or  sclerosis. 
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Of  the  several  varieties  of  tumours  tliat  grow  upon 
tlie  bones,  the  **  fibroiis  "  affect  chiefly  the  extreEiities  of 
the  bones  where  the  periosteum  is  ratlier  coarse,  and  a  good  deal  of 
fibrous  tissue  passes  from  it  to  the  bone.  They  affect  also  tJie 
jaws,  where  the  fibrous  tissue  is  vascular  and  dips  into  the  sockets 
for  the  teeth.  The  "cartilaginous"  are  most  frequent  in  the  first 
and  second  phalanges  of  the  fingera,  beginning  in  tlieir  shafts. 
Sometimes  they  are  found  growing  around  the  pubes^  the  ribs,  and 
the  sliafts  of  the  long  bones.  The  **  osseous"  are  almost  exclusively 
confined  to  the  jaws,  the  aethnioid  and  frontal  bones.  Occasionally 
they  extend  to  the  parietal  and  occipital  bones.  I  include  under 
this  term  the  dense,  ivory-like,  knotty  growths,  which  are  regarded 
by  some  pathologists  as  originating  in  the  ossification  of  enchon- 
dromatous  tumours.  Tliey  form  a  distinct  class  from  "  exostoses/* 
which  are  found  upon  almost  every  part  of  the  skeleton.  The 
** cancerous*'  tumours  ("scirrhous**  and  "  encephaloid *'  at  least) 
attack  all  parts  indiscriminately,  and  originate  sometimes  in  the 
interiors,  but  more  frequently  on  the  exteriors  of  the  bones.  I  am 
not  aware  that  **  colloid"  cancer  has  been  found  aftecting  the  bones, 
and  "epithelial  **  cancer  attacks  them  only  by  extending  into  them 
from  other  structures. 

The  work  of  reparation  and  reproduction  goes  on 
most  quickly  and  abundantly  in  the  shafts  of  the  long 
bonea,  in  the  ribs  and  lower  jaw;  in  those  parts,  that  is  to  say, 
where  the  periosteum  is  easily  detached,  and  where  it  most  con- 
tributes to  the  growth  of  the  bone.  The  cancellous  parts  are 
repaired  somewhat  more  slowly,  and  with  less  amount  of  callus; 
so,  that  if  by  any  cause  their  fractured  surfaces  are  kept  apart, 
reunion  is  likely  to  fail  altogether,  or  is  effected  only  by  fibrous 
tissue,  as  in  the  case  of  the  patella,  olecranon,  os  calcis,  and  neck  of 
the  femur.  The  reparative  processes  are  also  carried  on  very  slowly 
in  the  skull.  Even  a  simple  fissure  does  not  usually  become 
quite  closed;  and  if  a  small  portion  has  been  taken  away,  the  gap 
is  commonly  found  not  to  have  been  quite  filled  up  after  many  years, 
though  the  integrity  of  the  dura  mater  may  have  been  preserved. 
In  such  cases  the  new  bone  is  fornied  slowly  upon  the  cut  edges  of 
the  skull,  with  scarce  any  formation  of  callus  upon  eitlier  its  outer 
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or  its  inner  surface;  from  tliia  we  may  infer,  that  neither  the  dura 
mater  nor  the  pericranium  have  much  to  do  with  the  production  of 
the  reparative  ossific  medium,  which  proceeda,  perhaps  exclusively, 
from  the  surface  of  the  bone  itself.  We  may  comiect  this  mode 
of  reparation,  as  well  as  the  recoveries  which  take  phicCj  without 
necrosis,  after  a  considerable  extent  of  the  skull  has  liecn  deprived 
of  its  pericranium,  with  tlie  abundant  supply  of  blood  which  the 
cranial  bonea  receive,  and  which  is  distributed  through  large  canals 
in  their  diploe. 

RICKETS. 


Reroittom  Many  interesting  points  in  relation  to  the  structin'e 

2^!^imi  ^^^  formation  of  the  bones,  are  presented  in  cases  of 
devcicpment  *'  Eickcts,"'  whicli  is  essentially  a  disease  of  the  develop- 
mental and  growing  period*  The  leading  pecidiarity  in  the  bones 
affected  by  it,  consists  in  a  deficiency  of  e^irthy  matter;  analyses  made 
by  various  chemists  combine  to  show,  that  rickety  bones  often  do  not 
contain  above  20  or  25  per  cent,  of  phosphate  and  carbonate  of  lime, 
instead  of  about  70.  This  deficiency  probably  results,  not  so  much 
from  the  earthy  matter  being  absorbed  after  it  has  been  once  depo- 
sited, as  from  its  never  having  been  added  in  the  right  proportions. 
It  would  seem,  therefore,  to  be  owing  to  a  defect  in  the  ossifying  pro- 
cess, the  calcareous  granules  not  beings  according  to  the  observa- 
tions of  Kolliker  and  Virchow,  supplied  in  their  proper  quantities  to 
the  cartilage  or  blastema,  during  the  period  in  which  the  various 
changes  requisite  for  the  conversion  into  bone  are  going  on  in  the 
cells  and  other  constituents  of  these  structures.  The  bones,  in  con- 
sequence of  this  failure,  do  not  acquire  their  proper  degree  of  hard- 
ness, that  hardness  which  is  requisite  to  enable  them  to  bear  die 
weight  of  the  body.  They,  therefore,  yield  under  its  weight  and 
under  the  contractile  force  of  the  muscles,  and  become  misshapen  in 
various  ways.  The  disease  may  show  itself  in  the  first  formative 
periods ;  the  bones  not  being  made  of  sufficient  strength  to  bear  the 
pressure  of  the  muscular  contractions  during  foetal  life.  Accordingly 
in  a  few  cases  the  child  has  been  bom  more  or  less  distorted  in  con- 
sequence of  rickets.     These  cases  are  not,  however,  very  common. 


The  age  at  which  its  effects  are  most  frequently  witnessed,  is  from 
about  the  first  to  the  third  year;  tliat  is  to  say,  at  the  time  when 
the  lioibs  are  first  called  upon  to  sustaiii  the  weight  of  the  trunk* 
Dr  Merei  observes ;  **  In  the  immense  majority  of  instances,  the  age 
at  which  raehitism  shows  its  first  symptoms,  in  my  experience, 
ranges  between  the  first  nine  and  eighteen  months;  and  the  children 
afflicted  with  it  are  almost  invariably  such  as  are  late  in  their 
dentition,  closure  of  the  fontanelle,  and  walkingV'*  Associated  with 
the  deficiency  in  the  quantity  of  earthy  matter  is  osxially  a  pretema- 
tural  amount  of  oil  in  the  bone  substance ;  and  in  some  instances,  as 
in  the  ease  quoted  before  from  Marchandj  a  morbid  condition  of  the 
animal  basis  has  been  found.  There  may  be,  Vx^sides,  pretematnral 
vascularity,  a  spongj-  or  cellular  condition  of  the  structure,  owing  to 
too  great  activity  of  the  processes  of  absorption,  or  actual  cavities 
of  considerable  size,  filled  wth  serous  or  gelatinous  fiuid,  pale  or 
stained  ^vith  blood:  all  which  shows  that  though  the  failure  in  the 
calcification  of  the  animal  matrix  may  be  the  most  obvious,  it  is  by 
no  means  the  only,  perhaps  not  even  the  most  important  feature, 
in  this  disease. 

Associated  also  with  the  failure  in  the  structural 
development  of  the  bones  is  commonly  more  or  less  fail- 
ure in  their  growth.  The  child  is  undersized;  the  deficiency  of 
size  being  most  marked  in  the  limbs  that  are  most  affected,  that  is, 
in  the  lower  limbs,  and  in  the  parts  in  which,  during  the  later 
periods  of  foetal  life  and  after  birth,  gro\\i;h  has  to  take  place 
most  quickly,  so  as  to  bring  the  body  into  its  proper  proportions; 
that  is,  in  the  face  and  in  the  shafts  of  the  long  boues^  particularly 
those  of  the  humenis  and  iemur.  Hence  in  tlie  rickety  person  the 
face  is  sometimes  small  in  comparison  with  the  cranium ;  the  limbs 
are  short  in  comparison  with  the  trunk ;  the  shafts  of  the  bones  are 
small  in  comparison  with  their  epipliysial  extremities;  and  it  is 
interesting  to  observ^e,  in  connection  with  what  is  said  at  a  future 
page  on  the  relative  growth  of  the  thigh  and  arm  after  birth,  that  the 
femur  and  humerus,  in  many  of  these  cases,  do  not  attain  to  nearly 
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their  proper  proportionate  length.  This  point  is  well  exemplified 
in  8j>ecimens  preserved  in  the  College  of  Surgeons  (Nos.  9,  12,  and 
others).  Some  of  these  illustrate  also  the  fact,  which  I  have 
observed  in  other  insbinceSj  that  tlie  feet  and  hands  may  attain  and 
preserve  their  proper  shape  and  size,  where  the  other  y&Yis  of  the 
limbs  are  small  and  sadly  distorted  \ 

Another  illustration  of  the  imperfect  development  and  growth  of 
the  bones  in  rickets  is  funiished  by  transverse  sections  of  them, 
which,  in  some  of  the  worst  cases,  have  been  found  to  exhibit  a  greater 
degree  of  compactness  in  the  osseous  structure  lying  towards  the 
interior  of  the  bone  than  on  the  exterior ;  wherein  they  resemble 
foetal  bones;  that  transfer,  as  it  were,  of  osseous  material  from  the 
inside  to  the  exterior  of  the  bone,  which  is  one  of  the  results  of  the 
processes  that  should  go  on  in  growing  bones,  not  haWng  taken  place 
as  it  ought  to  have  done.  This  feature  of  rickety  bones  is  partly 
a  consequence  of  the  sub-periosteal,  pumice-stone-like,  osseous  mat- 
ter of  Virchow,  which  may  be  present  in  greater  quantity  than  is 
natural,  not  having  undergone  its  proper  condensation,  and  is  partly 
also  due  to  the  circumstance  that  the  internal  structure  has  not 
undergone  its  proper  rarefaction.  Meyer*  remarks  that  rickety 
bones  are  thicker  tlian  ordinary  bones,  especially  at  their  articular 
ends  J  a  section  shows  the  medullary  cavity  smaller  and  shorter 
than  natural;  the  periosteum  is  thick  and  the  surfiice  of  the  bone 
imder  it  is  thicker  and  more  porous  than  usual.  The  component 
sheets,  be  says,  are  no  more  or  fewer  than  natural,  but  thicker  and 
more  separate  According  to  Rokitansky,  the  apophyses  also  re- 
main separate  longer  than  usual,  A  remarkable  specimen  of  rickety 


'  Dr  Stem  (MuUGr'a  Arckiv,  i8jt4#  P*  ^^S)  found  thai  m  cases  of  carrmture  of  the 
Bpinc,  although  tho  long  bones  of  the  extremities  were  abort  m  compftriBon  with 
those  of  the  healthy  Hkelet«5n,  they  bore  their  proper  proportioti  to  those  of  the  trunk^ 
with  tho  exception  of  the  thighboneaj  which  wijro  rehitively  as  well  as  actually  short. 
In  a  young  womiLn,  let.  lo,  who  had  from  childhood  suffered  paralyBis  of  tbe  left  anp, 
Otto  {Sdtene  JkobaefUaT^ea^  n.  31,)  found  the  bonca  exceedingly  thin  and  abort,  and 
tbs  bmnema  aod  ultui  were  of  nearly  equal  length,  the  former  measuring  7  ^  inches,  and 
the  latter  7  mchea  and  ^  lines. 

Id  some  rickety  akeletons  I  hive  found  the  ahafta  of  the  bones  very  short  but  not 
much  bent. 

'  ^nUeT's  Archip,  1849.  Virchow^a  aoootmt  given  in  hk  Arcluv,  T.  4<^,  agrees 
genemlly  with  that  of  Mejor. 
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fcBtiiSj  in  which  the  bonea  are  singularly  short  and  thick,  is  in  the 
Mus6e  DiipujtrenK 

cnmtnna  In  Tlic  curvatures  that  take  place  in  rickets,  in  con* 

****"**  sequence  of  the  want  of  proper  hardness  of  the  bones, 

arc  commonly  observed  in  those  parts  of  the  skeleton  which  are 
narrowest  and  mo#t  de|3endent  on  the  density  of  their  structure  for 
their  strength,  such  as  the  shafts  of  the  long  bones,  those  especially 
of  the  lower  limbs  which  have  to  bear  the  weight  of  the  body. 
Tbey  are  observed  to  take  place  a  little  above  the  ankle  more  fre- 
quently than  at  any  other  part,  because  the  tibia  and  fibula  there 
have  to  sustain  a  greater  weight,  in  proportion  to  their  diameter, 
than  falls  to  the  share  of  any  other  jwrtion  of  the  skeleton-  They 
generally  take  the  direction  of  tlie  natural  curves  of  the  bones, 
being  exaggerations  of  them.  In  the  most  severe  case«,  where  the 
disease  begins  early,  the  preternatural  flexure  is  commonly  an  exag- 
geration of  the  chief  or  primary  curve  of  the  bone.  Tlie  fennu*  and 
tibia,  for  instance,  are  simply  arched  forwards ;  or  the  former  bone 
is  bent  forwards  and  outwards,  and  the  latter  fon^^arda  and  inwards. 
Occasionally  they  are  so  much  cur\^ed  as  to  form  nearly  a  half- 
circle.  In  less  severe  cases,  where  the  evidences  of  the  disease  do 
not  appear  quite  so  soon,  the  slighter  or  secondary  curves  are  in- 
creased; thus  the  femur  is  bent  outwards  at  the  upper  part,  inwards 
below,  and  the  shaft  of  the  tibia,  in  accordance  with  the  curves  of 
its  spine,  is  bent  inwards  above  and  outwards  below.  The  neck 
of  the  femur  approaches  more  nearly,  or  quite,  to  a  right  angle  with 
the  shaft.  In  severe  cases  only  are  the  bones  of  the  upper  extre- 
mities much  bent.  In  them  the  humerus  is  curvxd  a  little  out- 
wards, as  if  the  action  of  the  deltoid  had  pulled  the  part  of  the 
shaft  to  which  it  is  attached  in  that  direction.  Or  it  may  assume 
that  shape  in  consequence  of  the  manner  in  which  the  child  sup- 
ports itself  in  the   sitting  posture  by  the  aid  of  its  hands;   this 


1  See  CakJiogm  qf  Mutie  Dupwytrm,  p.  691^  »nd  Aa4Uf  Fl.  xx.  No.  514.  The 
affection  li  there  called  "  hypertmpbie  raohitique."  The  foetal  type  U  aleo  m  this 
ipecimen  perpetu&ted  in  some  other  peculmriiiea,  fniich  &a  tbe  maintenance  of  a  diispro- 
portionatv  prominence  of  the  occipit&I  and  parietal  protuberancflB.  I  have  seen  fteviiml 
Bimil«r  apeclmetu  in  other  xniieeama. 
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would  seem  to  be  the  cause  of  the  defonnity  in  those  cases  wliere 
the  lower  parts  of  the  arm-bones  and  the  elbows  are  bowed  out- 
wards. The  radius  and  ulna  exhibit  merely  a  slight  increase  of 
their  ordinary  curves,  that  Avith  the  concavity  towards  the  palmar 
a8i>ect  being  deepened^  and  the  interval  between  the  tvvo  bonea^ 
is  widened.  For  information  respecting  the  clianges  of  sliape 
that  take  place  in  the  pelvis,  spine,  and  other  bones,  I  must 
refer  to  what  is  said  respecting  those  bones  in  subsequent  parts  of 
the  work. 

n»tteiiiiig*t  If  *'"8  bending  of  the  bones  were  a  mere  mecha- 

ttMUdM.  nical  process  in  the  course  of  the  disease,  resulting 
simply  from  the  imperfectly  liardened  shafts  being  imable  to 
bear  the  required  amount  of  pressure  made  upon  their  ends,  we 
should  then  find  that  the  bones  would  be  flattened  on  their  concave 
and  convex  sides,  and  would  be  widened  transversely^  as  takes 
place  when  a  quill  or  a  stick  is  bent.  But  such  is  not  the  case. 
Indeed  precisely  the  reverse  of  this  is  usually  the  result.  The 
bones  are  commonly  flattened  at  the  sides,  and  thickened  in  a  cor- 
responding manner  towards  the  convexities  and  concavities  of  the 
curves,  forming  what  has  been  called  sabre-shaped  curv^a tuxes. 
Tiiis  shows  that  a  modelling  or  growing  process  is  at  work  during 
the  progress  of  the  disease,  adapting  the  diameters  of  the  shaft  to 
its  umiatm-al  shape^  and  heaping  up  bone  where  it  is  most  required.  ] 

It  seems,  when  a  section  is  examined,  as  though  the  layers  of  the 
bone  were  spread  out  on  the  concave  side,  so  as  to  project  into  the 
middle,  where  the  medullary  cavity  should  be,  and  to  project  also 
on  the  otlier  side  in  the  arc  of  tlie  curve.  Generally  the  curves  are 
graduaL  In  a  few  instances  they  are  sharp.  In  the  Dupuytren 
Museum  there  are  the  bones  of  the  lower  extremities  in  which  this 
is  remarkably  the  case,  so  much  so  as  to  simulate  fracture.  In  the 
Berlin  Museum  also  the  two  thigh-bones  of  a  rickety  child  are  Ijent 
to  a  right  angle  at  the  middle.  Some  of  these  sharp  curves  may 
be  the  result  of  fractures  which  have  united,  and  instances  now  and 
then  occiur  in  which  such  fractures  have  taken  place  in  the  uterus ^ 


*  Bee  »  paper  by  Dr  Barker  in  tfee  Britith  Mediad  Journal^  Sept.  26,  1857. 
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Virchow*  eeema  inclmed  to  attribute  many  of  the  flexures  in  rickety 
bones  to  fracture.  The  direction  and  symmetrical  disposition  of 
the  curves,  however,  would  indicate  such  a  cause  to  be  the  excep- 
tion rather  than  the  rule. 

*8ai]MqneDi  ^^  ^  Subsequent  period  ample  amends  are  made  for 

'*"^*'°*^  that  deficiency  of  ossifying  force  in  early  life  which  is 
the  ^rime  cause  of  the  disease.  The  bones  become  actually  harder 
and  stronger  than  those  of  the  healtliy  adult ;  and  the  exuberance 
of  the.  ossitying  processes  is  further  evidenced  by  growthp,  in  the 
form  of  ridges  and  knotty  projections,  whicli  often  shoot  out  from 
the  shafts  and  extremities.  This  unwonted  hardness  and  strength 
are  rendered  necessary  by  the  peculiar  shapes  which  tlie  bones  have 
assumed,  their  preternatural  curves  being  imfavourable  for  bearing 
weight  and  resisting  muscular  action.  At  the  same  time  they 
afford  a  better  leverage  to  the  muscles.  This  very  condition,  whicli 
originates  in  weakness,  becomes  thus  a  source  of  strength,  and 
accordingly  some  of  these  bent-limbed  rickety  persons,  presenting,r 
as  they  do,  a  resemblance  to  the  lower  animals  in  the  conforma- 
tion of  their  bones,  have,  w^hen  arrived  at  mature  age,  like  them, 
been  endued  with  remarkable  muscular  power. 
otbcrcb  '^'^^  imperfection  of  structure  from  a  want  of  proper 

in  rickety  proportion  of  earthy  salts,  associated  with  deficiency  of 
growth  and  alteration  of  shape,  constitutes  the  chief 
feature  of  rickety  bones.  But  to  it  may  be  superadded  other 
morbid  conditions  whicli  are  rather  of  a  secondary  nature,  and 
which  depend  in  some  measure  upon  a  liabiHty  in  the  weak  and 
imperfect  structure  to  be  the  seat  of  low  inflammatory  processes. 
These  lead  to  a  further  softening  with  a  preternatural  expansion  of 
the  osseous  tissue,  to  absorption  of  the  bone-substance  nearly  allied 
to  ulceration  and,  it  may  be,  to  fracture.  In  some  cases  they 
engender  an  enlargement  of  the  bones  by  causing  the  formation  of 
soft  crumbling  osseous  dcjx)sit  upon  their  exterior.  Enlargement 
from  this  cause  is  often  seen  in  the  bones  of  monkeys  dying  in  this 
country.  In  the  human  skeleton  it  is  seen  in  its  most  marked 
forms  in  the  skull.  It  affects  most  frequently  the  frontal  bone  on 
either  side,  but  sometimes  involves  all  the  bones  both  of  the  face 


*  Archivt  V.  +6r. 
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and  tlie  CKmiiim*.  Many  of  the  enomioiiEly  thickened  skulls  to  be 
found  in  our  museums  are  attributable  to  this  cause.  It  is  also  a 
very  common  thing  to  find  the  articular  ends  of  some  of  the  bones, 
particularly  those,  of  the  radius  and  ulna,  enlarged  in  rickety  chil- 
dren; sometimes  in  young  children  who  present  no  other  signs  of  an 
abnormal  condition  of  the  bony  system.  Mr  Brayne,  of  Banbury, 
has  related,  in  the  third  volume  of  the  Transactions  of  the  Proxnncial 
Medical  and  Surgical  Association^  a  remarkable  case  of  enlargement 
of  the  epiphyses  of  tlie  bones  of  the  leg  and  fore-arm,  as  well  as  of 
the  lower  epiphyses  of  the  femur  and  humerus^  in  an  undersized  lad 
set,  7  years,  the  shafts  of  the  bones  remaining  straight.  This  en- 
largement results  from  a  preternatural  groi^^h  of  the  epiphysial 
cartilages ;  but  it  is  difficult  to  account  for  its  being  so  common  in 
the  lower  ends  of  the  radius  and  ulna  in  comparison  witli  the  other 
epipliyses.  In  the  case  of  a  little  girl  under  my  care,  where  there 
was  no  other  sign  of  rickets,  suppuration  took  place  in  connection 
with  the  enlarged  lower  ends  of  the  radius  in  l>oth  arms, 
Momtiei  ^^^  disease  commonly  called  "mollities  ossirnn" 

"^*^°^  differs  from  rickets  in  occurring  at  a  later  period,  after 

the  skeleton  has  been  properly  formed,  and  in  resulting,  not  from  an 
imperfection  in  the  work  of  ossification,  but  from  an  alteration  and 
absctrption  of  the  osseous  texture  after  that  process  has  been  com- 
pleted. It  is  most  frequent  in  women,  and  has  in  several  instances 
occurred  in  the  intervals  between  confinements,  cjiusing  distortion 
of  the  pelvis  and  rendering  delivery  difficult  or  impracticable.  It 
occurs  most  frequently  and  progresses  with  greatest  rapidity  during 
pregnancy,  in  consequence,  it  has  been  fancied,  of  the  phosphate 
of  lime  being  then  absorbed  from  the  mother's  skeleton  for  tlie  pur- 
poses of  contributing  to  the  formation  of  the  fcetal  bones.  It  is 
usually  attended  with  pain,  and  woxdd  seem  to  be  somewhat  inflam- 


^  As  »  generikl  rule,  the  crankl  bones  affected  in  tbia  manner  are  light  &nd  porona 
as  weU  a*  thick,  conawting  in  great  meamire  of  dlp1i>o  with  a  thin  Bievc-like  outer  and 
inner  tabW.  After  a  time,  they  Diay,  like  other  rickety  bonea,  become  Tery  dense  and 
heavy*  In  a  few  InHtancca  the  foramina  at  the  baiie,  the  carotid  and  jngukr,  and 
even  the  foramen  magnum,  have  been  found  reduced  in  aize  hy  the  bony  deport*  the 
former  ho  mucK  ihat  it  waa  difficult  to  underHand  How  they  could  have  tranamittad 
a  Hufficiont  supply  of  blood  to  the  brTtin.  Otto,  Ntue  BeobaidUu'ngm  tur  AmU,  Phyt, 
%tnd  Path,  §  3. 
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matory  in  its  nature.     I  have  lately  met  with  a  caae*  of  the  kind 

in  the  person  of  a  woman,  set,  30,  who  had  been  five  years  pre- 
viously, and  again  after  an  interv^ul  of  two  yc^rs,  delivered  of  a 
healthy  chikL  Since  the  last  confinement  she  had  suffered  paina 
al>out  her  back  and  hips,  and  had  become  gradually  very  lame. 
She  had  been  in  hilxjnr  eighteen  hoinrs  when  I  saw  her,  and  the 
child  was  dead.  It  being  quite  clear  that  the  pelvis  was  so 
distorted  as  to  render  delivery  through  the  natural  passage  im- 
possible by  any  meanSj  I  at  once  performed  the  ca:»sarian  opera- 
tion, not,  however,  the  event  proved,  till  after  the  uterus  had 
given  way.  The  pehas  exhibited  the  effects  of  excessive  atrophy ; 
an  exaggerated  condition  of  that  state  which  often  occurs  in  senile 
atrophy.  The  entire  structure  was  light  and  B[x»ng)%  with  the 
exception  of  a  delicate  external  lamina.  In  the  middle  of  the 
ala  of  tiie  ilium,  the  outer  and  inner  plates  had  coalesced,  and 
the  delicate  resultant  lamina  had,  to  a  considerable  extent,  dis- 
appeared, leaving  wide  perforations.  In  most  cased  where  an 
analysis  of  the  bone  has  been  made  under  similar  circiunstances, 
the  earthy  matter  has  been  found  deficient,  and  in  this  case  it 
amounted  to  only  47,8  per  cent.  The  large  areola?  were  filled  witli 
apparently  healthy  medulla,  Tlie  distortion  resembled  that  which 
usually  occurs  in  such  cases,  consisting  of  a  folding  up  of  the  pubic 
bones,  so  that  the  middle  of  the  linea  ilio-pectinea  on  either  side 
formed  an  angle  directed  towards  the  middle  of  the  brim  of  tlie 
peh'is,  and  the  sacrum  had  advanced  forwards  towards  the  same 
point.  The  thigh-bones  and  vertebrae  were  involved  in  tlfe  disease, 
the  latter  being  easily  cut  with  a  knife.  In  some  of  these  cases  the 
patients'  urine  has  contained  phosphate  of  lime.  Upon  what  this 
premature  and  excessive  atrophy  depends  we  cannot  tell;  and  no 
instance  has  yet  been  related  in  which  the  disease  has  failed  to 
proceed  to  a  fatal  termination. 

It  was  interesting  to  observe  in  this  case  that,  although  the 
bones  were  in  so  extremely  atrophied  a  condition,  yet  they  were  in 
many  parts  encrusted  with  osseous  dejXFsit,  which  had  recently 
t^ken  place  upon  their  exterior,  affording  an  additional  illustration 


*  Atiociation  Medical  Journal ^  1856,  p.  779. 
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of  the  fact  that  osseous  deposition  on  the  exterior  of  bones  is  often 
coincident  with  (perhaps  it  may  be  in  some  measure  a  restdtant 
of)  osseous  absorjition  in  their  interior.  The  occiuTence  of  the 
game  thing  has  been  remarked  in  senile  atrophy  (page  57) ;  it 
18  not  an  unfi-equent  accompaniment  of  cancer  and  some  other 
diseases, '  which  are  attended  with  absorption  or  destruction  of 
bone\ 

If  a  limb  be  not  used,  the  bones  usually  waste, 
bonei  tnm  They  may  become  smaller,  that  is  thmner,  without  very 
great  alteration  in  their  texture;  or  they  may  undergo 
interstitial  absoi-j^tion  without  much  alteration  of  size;  or  they  may 
undergo  both  changes — diminution  of  size  and  interstitial  absorp- 
tion— at  the  same  time.  These  points  are  well  illustrated  by  the 
conditions  wbich  the  bones  of  stumps  present  where  the  limbs  have 
been  long  amputated.  In  some  the  bones  are  cleared  of  their 
cancelli  and  reduced  to  a  mere  porous  shell,  the  size  remaining 
unaltered.  In  others  they  become  much  reduced  in  circumference, 
their  walls  retaining  their  proper  density.  In  a  third  claims  the 
bones  arc  small,  and  are  also  light  and  jKJrous.  In  a  case  recorded 
by  Laney  of  a  man  who  died  forty-one  years  after  amputation  of 
the  arm  near  the  shoulder  the  scapula  was  as  thin  as  paper,  and  the 
cla\'iclc  no  thicker  than  that  of  an  infant.  I  am  not  aware  that  a 
bone  is  ever  reduced  in  length  as  a  consequence  of  atrophy.  If 
a  part  be  disused  by  reason  of  paralysis  or  other  cause,  the  bones 
may  fail  to  attain  their  proper  length;  but,  having  attained  it,  I 
do  not  know  that  they  ever  lose  it. 


n 
* 


1  For  an  acGoant  of  the  changes  observed  micros^ioplcaUy  in  a  oftse  of  otUomalaeia 
i  Wedl's  Paihdogk^  lIui<)iogy  {edited  by  tho  Sydenliam  Society),  p.  937. 
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The  various  points  of  interest  of  a  mechanical  kind  displayed 
in  the  conatruction  and  shape  of  the  bones  are  secondary  only  to 
those  which  may  be  observed  in  the  manner  of  the  connection  of 
the  several  bones  with  one  another.  The  long  words  that  have 
been  used  by  different  anatomists  in  their  classifications  of  the 
several  joints,  wliatever  good  tbey  may  have  done,  have»  I  think, 
had  an  evil  influence  in  rendering  this  branch  of  anatomy  somewhat 
distasteful  to  the  student.  It  will  be  my  endeavour,  therefore, 
to  avoid  them. 

The  several  bones  of  the  head  and  face,  where  no 

Batorewith 

intCTveniJig  movcnient  is  re<:|nired  betw^een  them,  are  joined  together 
™*^°^  *"  hy  direct  apposition  of  their  edges.  At  least  there  is 
interposed  between  them  only  an  exceedingly  thin  membranous 
atreak  composed  of  connective  tissue,  and  extending  in  short  paral- 
lel fasciculi  from  the  border  of  one  bone  to  that  of  the  other'. 
In  Bome  instances,  where  the  mechanism  of  the  parts  is  sufficient  to 
hold  the  bones  together,  their  edges  are  simply  placed  in  appo- 
sition. This  is  the  case  also  where  the  bones  are  very  thin,  as 
in  those  forming  the  septum  of  the  nose  (PI.  XII,  fig.  1*  c,  d).  In 
some  instances  the  edges  overlap  one  anotherj  for  the  purpose  of 
giving  support  in  a  partictdar  direction,  as  in  the  suture  of  the 
temporal  with  the  parietal;    or  the  one  bone  may  be  let  into  a 


'  '^Thifl  tntitr<U  ligament^  ob  it  may  be  termed,  is  very  evident  as  loQg  w  the 
cranial  bones  are  still  growing.  When  the  growth  of  the  cranium  approaches  its  com- 
pletioDj,  this  ti^ue  graduaUy  disappears,,  hecomeA  firtner^  and.  In  old  age^  seetiut,  in 
niiiny  placee,  especially  on  the  imier  part  of  the  fniturea,  and  even  before  their  com* 
pleta  obUteratloD^  to  be  eutirely  removed/*     Kolliker's  Manwd^  L  311. 


ma  \mm>  ^kmm^^  mns^^ 
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superficial  groove  in  the  other,  as  in  the  suture  of  the  sphenoid 

with  the  vomer.  Most  frcqiiCTitly  the  l>onea  have  |]^mi  somewhat 
into  each  other,  and  become  interlocked  or  dove-tailed  together,  so 
as  to  constitute  a  very  strong  and  intimate  union.  This  is  the  most 
prevalent  form  of  auture  in  the  cnmium.  The  hones  are  so 
closely  and  firmly  joined  together  hy  this  means,  that  separation 
of  them  hy  external  force  is  a  rare  occurrence;  and  fractures  and 
fissm^es  are  less  frequent  in  the  lines  of  the  sutures  than  in  other 
directions. 

In  a  few  exceptional  instances  at  the  base  of  the 

with  Inter-  ^  .  . 

veaing  cttrti-  ctanium,  where  the  primordial  structure  was  cartilage 
instead  of  membrane,  the  contiguous  edges  of  the  bones 
are  connected  by  a  thin  layer  of  interyening  cartilage  which  has 
remained  unoBsified.  In  this  manner  t!ie  ba.silar  process  of  the  oc- 
cipital is  joined  to  the  sphenoid,  and  its  jugidar  processes  are  united 
to  the  temporal  bones.  This  mode  of  union  is  the  one  which  pre- 
vails between  the  shafts  of  the  long  bones  and  their  epiphyses. 
(See  Plate  II.  page  40.)  The  surfaces  so  connected  are  less  serrated 
than  those  which  enter  into  the  formation  of  the  ordinary  sutures  j 
and  they  are,  in  most  instances,  cemented  together  by  bone  at  an 
earlier  period.  There  are,  however,  in  other  parts  of  the  skeleton, 
examples  of  the  same  kind  of  joint  in  which  the  uniting  cartilage 
remains  unossified  to  a  late  date,  as  in  the  case  of  the  costal  carti- 
lages and  the  cartilages  of  the  sacro-iliae  joints. 
Union  i^flbit>.  Where  a  slight  amount  of  movement  of  one  bone 
**'^*^**^  upon  another  is   required  to   be   combined  with   great 

strength  for  the  purpose  of  supporting  weight,  &c.  the  apposed  sur- 
faces of  the  bones,  which  are  usually  broad  in  such  case,  are  united 
by  a  tolerably  thick  and  veiy  strong  layer  of  fibro-cartilage,  in 
which  there  is  disposed  a  variable  amount  of  elastic  tissue.  This 
material  is  foimd  between  the  bodies  of  the  vertebrse,  and  will  be 
described  more  particularly  when  treating  of  the  spinal  column- 
It  is  of  greater  strength  even  than  the  bones  themselves,  and  very 
rarely  becomes  ossified. 

t)yinioTW  Lastly,  where  a  greater  amount  of  movement  being 

jointA.  required,  it  is  necessary  that  the  apposed  surfaces  of  the 
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bones  should  slide  upon  one  another,  a  regular  joint  is  provided, 
with  a  synovial  capsule;  and  the  bones  are  held  together  by  fibrous 
tissue  disposed  in  bimdles  or  sheets  which  pass  from  one  to  the 
other  in  such  a  manner  as  to  permit^  and,  to  some  extent,  direct  the 
movements  within  a  certain  range,  and  at  the  same  time  to  prevent 
their  exceeding  it.  We  shall  find  that  the  chief  office  of  these 
fibrous  ligaments  is^  as  I  have  said,  to  regulate  and  limit  the  move- 
ments of  the  joints:  and  the  precise  mode  in  which  each  one  is 
intended  to  perform  that  duty  may  commonly  be  learned,  with 
tolerable  certainty,  by  examining  the  course  of  its  fibres,  and 
the  direction  which  they  t^ke  at  the  point  of  insertion  into  the 
respective  bones.  In  addition  to  tliis,  their  primary  office,  the  liga- 
ments contribute  to  prevent  the  displacement  or  dislocation  of  the 
bones,  which  is  further  pro\aded  against  by  the  influence  of  atmo- 
spheric pressure,  and  by  the  contractions  of  the  surrounding  mus- 
cles. Such  accident  is,  indeed,  chiefly  provided  against  by  the  con- 
tractions of  the  muscles;  for,  although  no  complete  dislocation  of 
any  joint  can  take  place  without  rupture  of  some  of  its  ligaments, 
yet  slight  displacements — subluxations  as  they  are  called — can  in  a 
few  instances,  that  of  the  thumb  for  example  in  some  persons,  be 
effected  during  life  with  the  assent  of  the  muscles.  Moreover  the 
comparative  facility  with  which  sprains  and  dislocations  occur  when 
the  mitscles  are  unprepared  to  support  the  joints,  as  in  making  a 
false  step,  &c.  clearly  shews  that  the  latter  are  the  chief  agents  in 
preventing  those  accidents.  In  the  ordinary  healthy  state  the  ready 
contractions  of  the  musclea  of  a  limb  scarcely  permit  its  ligaments 
to  be  even  put  on  the  stretch  by  external  forces,  which  accounts  for 
the  surprising  escapes  of  tumblers,  wrestlers,  and  other  devotees  to 
the  gymnasium.  It  is  not  that  their  ligaments  have  acquired  unusual 
Btrength,  so  much  as  that  their  joints  are  braced  by  the  increased 
vigour  and  activity  of  their  muscles. 

In  many  joints — ^the  ball  and  socket  joints  for  in- 
•tattcwpiwiiis      stance — though  the  ligaments  aasist,  as  just  mentioned, 
in  preventing  dislocation,  it  is  quite  clear  that  the  arti- 
cular surfaces   cannot,  under  ordinary  circumstances,   be   directly 
held  in  apposition  by  them,  inasmuch  as  they  must  be  loose  in  the 
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whole  circumference  to  permit  the  movements  of  the  joint  m  every 
direction*  If  the  ligament  were  su6Sciently  tight  at  any  one  part  to 
hold  the  bones  together,  it  must  of  necessity  prevent  the  movement 
in  one  directionj  which  we  know  is  not  the  case.  Tlie  experiments 
of  Weber  upon  the  hip-joint  were,  I  believe,  the  first  to  prove  the 
fact,  that  atmospheric  pressure  is  the  real  power  by  which  the  head 
of  the  femur  is  lield  in  the  acetabulum  when  the  muscles  are  at 
rest*  One  convincing  experiment  is  easily  repeated;  that  namely 
of  holding  up  a  side  of  the  pelvis,  with  its  appended  lower  ex* 
tremity,  the  joint  not  having  been  opened,  and  then  boring  a  hole 
tlirough  the  acetabulum,  so  as  to  admit  air  into  the  hip-joint,  when 
the  weight  of  the  limb  wiE  cause  it  to  drop  from  half  an  inch  to  an 
inch,  the  head  of  the  thigh-bone  being  pulled  out  of  the  acetabulum 
as  soon  as  the  air  is  permitted  to  pass  between  the  articular  surfaces. 
In  the  unopened  state  of  the  joint,  therefore,  the  weight  of  the  limb 
is  entirely  borne  by  atmospheric  pressure,  so  that  both  ligaments 
and  muscles,  the  latter  especially,  arc  relieved  in  a  corresponding 
manner.  The  same  fact  may  be  shewn  with  regard  to  the  shoulder, 
and  other  joints,  in  a  greater  or  less  degree,  though  the  illustration 
is,  for  obvious  reasons,  most  easy  in  the  hip  and  shoulder.  The 
advantages  of  this  construction,  and  the  facilities  it  affords  for  easy 
movement  by  leaving  all  the  muscles  free  to  act  upon  the  joint, 
need  no  demonstration.  We  have  only  to  remember  that  this 
power  is  in  continual  operation  to  appreciate  the  amount  of  animal 
force  which  is  economized  by  it, 

Botm  not  held  Willie  upou  this  subject,  I  may  remark  that  there  is 
tofeUwrbrthe  Jn  the  body  no  single  example  of  a  raovcAble  joint  in 
wucuiar  wliich  the  shape  of  the  bones  is,  of  itself,  such  as  to  pre- 
vent their  separation  from  one  another.  They  all  fall 
asunder  when  the  soft  parts  are  cut  or  macerated  away.  In  none 
of  the  ball  and  socket  joints,  for  instance,  does  the  cup  form  so 
much  as  a  half  circle.  The  acetabulimi,  which  is  the  nearest 
approach  to  it,  falls  short  of  it  by  some  degrees,  and  cannot,  there- 
forcj  ^nthout  assistance,  retain  the  head  of  the  femur  in  its  cavity. 
Neither  in  any  of  the  hinge-joints  is  there  an  example  of  what 
is  called  by  mechanicians  "a  centre-pin  and  angel,"  so  complete 
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that  the  latter  embraces  the  former  sufficiently  to  hold  it  in 
place. 

iioriiiomi»Qta  ^^  ^^7  S^  further  than  this  and  assert,  that  there  ia 
■'*'w^  not  any  instance  in  which  the  movements  of  a  joint  are 

stopped  or  limited  by  the  shape  of  the  bones,  that  is,  by  the  edges 
of  the  bones  coming  in  contact.  If  the  several  joints  he  examined 
in  t!ie  recent  state  with  reference  to  this  point,  it  wiW  be  found  in 
each  that  either  the  tension  of  the  ligaments,  or  the  compression  of 
the  soft  parts,  arrests  the  movements  before  the  margins  of  the  bones 
touch  one  another.  Take  the  elbow-joint  for  example.  In  flexion 
and  extension  the  coronoid  process  and  the  olecranon  enter  their 
respective  fossae  on  the  anterior  and  posterior  sides  of  the  humerus; 
but  they  are  not  permitted  to  go  quite  to  the  bottom  of  those 
fossae.  Just  before  the  point  at  which  this  would  happen,  the  move- 
ment in  each  direction  is  limited  by  the  ligaments  and  the  other 
soft  parts.  The  effect  of  this  arrangement  is  to  prevent  any  sud- 
den jarring  limitation  of  the  range  of  movement  of  the  several 
jomts.  So  that  although  the  muscles  fail  to  perform  the  restrictive 
duties  assigned  to  them,  still  the  movement  of  each  joint  in  any 
particular  direction  is  not  brought  to  a  sudden  stop  by  the  contact 
of  the  edges  of  the  bones,  which  would  he  likely  to  cause  frequent 
damage  to  the  articular  surfaces;  but  the  check,  instituted  in  the 
soft  parts,  is  brought  to  bear  gradually,  and  tlie  residt  is  thus 
attained  with  safety. 

obUqnt^of  ^^  ^^  bccn  Said  that  nature  abhors  a  vacuimi.     It 

moveraenti.  may  be  said  with  equal  truth  that,  in  the  construction  of 
the  skeleton,  she  has  shewn  her  abhorrence  of  a  straight  line.  Not 
only  are  the  hones  curved  and  twisted,  each  in  more  than  one  direc- 
tion ;  but  the  joints  are  so  made  that  the  movements  of  the  limbs  on 
the  two  sides  of  the  body  are  rarely  in  parallel  planes.  They  are  com- 
monly a  little  oblique  with  regard  to  one  another.  Thus  each  fore- 
arm moves  in  a  plane  oblique  w^th  regard  to  that  of  the  other  fore- 
arm, and  oblique  also  with  regard  to  the  arm;  and  the  same  thing 
may  be  said  of  the  leg,  and  of  the  other  segments  of  the  two  mem- 
bers. An  easy  graceful  style  is  thus  communicated  to  the  move- 
mentSj  and  awkwardness  of  gait  is  prevented,  (This  has  been 
before  alluded  to,  page  12.) 
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Tlie  articular  ends  of  the  bones,  expanded  for 
purpose  of  ^\"ing  security  to  the  jomta  and  leverage  to 
the  muscles  inserted  into  them,  are  cancellons  in  their  interior,  the 
larger  plates  and  fibres  of  the  cancellated  structure  being  arranged 
perpendicularly  with  regard  to  the  surface  of  the  joint  so  as  to 
support  it  in  the  most  effectual  manner.  Near  to  the  surface  this 
arrangement  is  lost.  The  lx)ne  is  there  more  dense,  the  walls  of  the 
cancelli  being  much  thicker  and  coarser  and  the  interspaces  between 
them  much  smaller.  Still  it  does  not  usually  present  the  same 
dense  smooth  structure  as  the  exterior  of  the  shafts.  Close  to 
the  articular  cartilage  is  said  to  be  a  thin  layer  of  inconipletely- 
fonned  bone-substance,  containing  elongated  corpuscles  without 
canaliculi,  without  haversian  canals  and  without  cancellated  excava- 
tions; tlie  animal  basis  presenting  a  nearer  resemblance  to  foetal 
cartilage  than  docs  that  of  true  bone  (page  2),  This  "articular 
bone"  can  have,  therefore,  no  vessels;  and  it  constitutes  an  imper- 
fectly ossified  stratum — a  sort  of  intermediate  structure — between 
the  true  bone  of  the  epiphysis  on  the  one  side  and  the  articu- 
lar cartilage,  which  shows  no  capacity  for  ossification  at  all,  on 
the  other.  Nevertheless,  in  diseased  states,  it  is  often  penetrated 
by  vessels  passing  to  the  cartilage  and  to  the  soft  vascular  granula- 
tion-like substance  which  forms  between  the  cartilage  and  the 
bone.  In  certain  rheumatic  and  other  morbid  conditions,  when  the 
cartilaginous  covering  has  been  removed,  this  articular  bone  be- 
comes rubbed  down  by  the  friction  incurred  during  the  move- 
ments of  the  joint,  and  acquires  a  density  and  polish  that  reminds 
us  of  porcelain, 

ArticoiM  cir-  Articidar  cartilage  is  a  material  admirably  adapted 

*^^*^  to  its  purpose;  so  smooth,  that,  when  it  is  lubricated  by 

synovia,  the  friction  between  the  surfaces  is  reduced  to  a  minimum 
quantity  not  worthy  of  being  taken  in  computation ;  so  elastic,  that 
it  prevents  any  jarring  of  the  bones  upon  one  another;  and  so  far 
devoid  of  sensation,  that  the  movements  of  the  joints,  during  which 
the  cartilages  are  subjected  to  a  good  deal  of  pressure  by  the  con- 
traction of  the  muscles  and  the  tension  of  the  ligaments,  take  place 
w^ithout  any  pain.  Its  elasticity  is  increased  by  the  arrangement 
of  its  components  in  fibres,  or  in  such  a  manner  as  to  present  a 
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fibroua  appearance,  the  fibres  being  perpendicular  to  tlie  Biirface  of 
tlie  bone  on  which  they  rest.  Its  ineensibility,  due  to  the  absence 
of  nerves  in  its  substance,  ia  not  m  complete  aa  to  prevent  its  gi\^ng 
warning  when  a  foreign  body,  as  a  loose  cartilage,  is  in  the  way,  or 
when  it  is  affected  with  ulceration.  The  severe  starting  pains 
waking  up  the  patient  as  he  drops  to  sleep,  so  characteristic  of 
ulceration  of  the  cartilages,  may  depend  in  part  on  the  compression 
of  that  soft  granulation-like  substance  which  commonly  forms  in 
these  cases  between  the  cartilage  and  the  bones,  but  it  would  seem 
to  depend  in  part  also  upon  the  sensation  excited  in  the  cartilage 
itself.     (See  remarks  on  nerves  in  bone,  p»  29.) 

It  is  worthy  of  remark  in  a  practical  point  of  view  how  quickly 
the  muscles  that  act  upon  the  joint  fall  away,  when  disease  attacks 
its  cartilages.  A  year  of  simple  synovial  disease  will  not  produce 
ao  much  effect  upon  the  adjacent  muscles  as  a  month  or  even  a 
week  of  ulceration  of  the  cartilages.  Hence  this  wasting  of  the 
muscles  becomes  a  symptom  of  great  importance  in  assisting  us  to 
arrive  at  a  diagnosis  as  to  which  of  these  two  structures  is  in- 
volved, as  well  as  in  enabling  us  to  decide  whether  disease,  which 
commenced  in  the  synovial  membrane,  has  extended  to  the  car- 
tilages. 

It  is  only  in  certain  morbid  conditions  that  vessels  have  been 
traced  in  the  articular  cartilages,  and  reparation  after  any  loss  of 
their  substance  is  only  effected  through  the  medium  of  connective 
tissue,  true  cartilage  never  being  reproduced.  Cartilage  is  capa- 
ble, however,  of  being  the  seat  of  certain  morbid  processes  by 
which  its  tissue  may  become  loosened  into  a  sort  of  filament- 
ous or  fibrous  condition,  or  it  may  he  destroyed  by  ulceration 
and  absorption,  commencing  ujjon  either  the  free  or  the  attached 
surface;  and  adhesionsj  by  means  of  connective,  areolar,  or  fibrous 
tissue,  are  not  imconimonly  established  between  the  opposite  carti- 
laginous surfaces  of  joints  where  disease  has  long  existed. 

The  cartilages  are  thickest  where  they  have  to  bear  the  greatest 
pressure;  that  is,  commonly,  about  the  middle  of  the  articular 
surface.  They  decrease  in  thickness  towards  their  edges,  and  ter- 
minate abruptly,  extending  upon  the  bones  no  further  than  their 
firiction  upon  one  another,  or  upon   the  adjacent  ligaments    and 
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tendons  requires.  Near  their  circumference  thej  are  covered  by 
synovial  membrane,  which  extcnda  a  little  way  upon  them.  In 
the  rest  of  their  extent  the  smfiice  of  the  cartilages  is  uncovered 
and  is  moistened  with  sjTiovial  fluid;  in  the  fcetal  state  it  is 
covered  by  delicate  scales  of  epithelium.  These,  however,  soon 
disappear. 

Except  in  situations  where  the  cartilages  are  naked 
bnaei.  Their  and  exposcd  in  the  manner  just  described,  the  surfaces 
of  tlie  joints  are  lined  by  syno^aal  membranes,  which,  in 
the  natural  state,  are  very  thin,  jet,  in  certain  morbid  states  of 
common  occurrence,  acquire  great  thicknesis^  Tliey  cover  the  edges 
of  the  cartilages  and  extend  beyond  them  upon  the  adjacent  bones. 
They  are  vascular,  and  are  particularly  so  near  the  margins  of 
the  cartilages,  where,  in  some  places,  they  form  delicate  folds  lying 
flat  upon  the  edge  of  the  cartilage.  These  folds,  containing  looped 
vessels,  somewhat  resemble  the  clioroid  plexuses  of  the  cerebral 
ventricles  in  their  structure,  as  well  probably  as  in  the  func- 
tion of  regulating  the  amoimt  of  fluid  in  the  joints.  They  are 
furnished  with  little  processes,  like  villi,  which  contain  a  small 
quantity  of  fat  and  occasionally  one  or  tft^o  cartilage  cells.  These 
processes  are  often  seen  enlarged  in  joints,  particularly  in  shoulder- 
joints,  which  have  been  the  subject  of  chronic,  perhaps  rheumatic, 
inflammation,  or  inflammation  consequent  on  an  injury.  They 
then  form  polj^ious  bodies,  overhanging  the  cartilages,  and  may 
exist  in  considerable  numbers  and  attain  a  considerable  size. 
This  change  is  generally  associated  with  a  gradual  thinning  and 
removal  of  the  cartilages  of  the  joint.  The  formation  of  hose 
cartilages  in  the  joints  has  been  attributed  to  a  hypertrophied  state 
of  the  cartilaginous  element  of  these  processes.  If  tliat  be  the  true 
mode  of  formation  of  these  bodies,  and  it  is  highly  probable  that 
it  is  so  in  some  cases,  it  is  remarkable  that  they  should  be  so 
generally  single,  and  that  there  should  so  rarely  be  a  recurrence 
when  one  has  been  removed  ^ 


^  A  remarkable  lostanoe  in  which  tlbe  poiQtcd  end  of  a  needle  was  found  in  a 
"penduloua  oaaeo-cartilagfinouB  body  excised  from  the  knee-joint '^  of  a  young  womati 


ON   THE  SKELETON, 


79 


Lbbltity  to 
disease. 


I 


Being  the  most  vascular  as  well  as  the  most  exten- 
sively disposed  of  all  the  articular  structures,  the  synovial 
membranes  are  much  more  fipequently  the  seat  of  disease  than  either 
of  tlie  others.  In  the  ordinary  cases  of  disease  of  a  joint,  whether  it 
be  scrofulous  or  not,  the  inflammation  begins  in  the  synovial  mem* 
brane.  It  may  remain  long  confined  to  that  membrane^,  or  it  m<iy 
spread  from  it  to  the  cartilages  and  bones.  Even  after  a  sprain, 
it  seems  to  suffer  more  than  the  ligaments,  the  immediate  as  well 
as  the  subsequent  effects  of  the  injury  being  evinced  chiefly  in  the 
synovial  membrune. 

Theiifinty  Appended  to  the  synovial  membranes  and  situated 

«[]poiidAge&  ^^  their  exterior  are,  in  many  joints,  masses  of  soft 
fat.  These  were  formerly  thought  to  be  glands  which  secreted 
the  synovial  fluid.  Such  a  notion  has  been  disproved  by  the 
fact  that  they  are  found  on  microscopical  examination  to  consist 
simply  of  fat.  Their  office  is  to  fill  up  the  spaces  between  the 
bones,  and  between  the  bones  and  ligaments,  in  the  movements 
of  the  joints ;  for  which  purpose  they  usually  project  more  or  leas 
into  the  articular  cavity,  carrying  the  synovial  membrane  before 
them,  at  the  intervals  between  the  bones  (see  representations  of 
elbow,  ankle,  and  other  joints).  They  are  of  large  size  on  the 
fore  part  of  the  knee,  may  be  found  of  greater  or  less  size  in  most 
joints,  and  evidently  perform  an  important  oflace  in  facilitating 
the  movements  of  the  joints.  The  one  which,  from  its  conspicuous 
appearance,  has  attracted  most  attention  is  that  at  the  bottom 
of  the  acetabulum.  It  serves  a  somewhat  different  purpose  from 
the  same  structure  in  other  joints,  that,  namely,  of  permitting  the 
play  of  the  ligamentum  teres  and  the  slightly  prominent  extre- 
mity of  the  head  of  the  femur.     It  is  obvious  that  were  there  not 


in  related  in  the  TrtxM,  ofih^  Path.  Soe.  vi.  318.  The  Tomgn  body  muit  have  been 
the  exdiing  cause  of  the  growth,  and  it  lb  a  utuque  csmc  of  the  kiDd.  Both  the  carti- 
lage and  the  oiteouB  ducIgub  present^Ml  the  normal  charactem  c€  thoB«  tiMues  under 
the  microAOope,  In  a  ca»B  where  Bevenil  bodies  of  the  l\k&  kind  hung  into  a  knee-joint 
which  was  greatly  altered  bj  chroDiio  rheumatic  diBeaae^  I  found  the  giMui  "  cartiliige** 
in  theiQ  to  be  composed  oxi\j  of  cempact  fibrous  etructure,  and  the  "bone*'  of  con- 
creted carbonate  of  Ume. 
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some  provision  of  that  kind  the  ligament  would  be  squeezed  be^ 
tween  the  articular  surfaces  during  the  movements  of  the  joint. 
These  fatty  uppendagcs^  like  the  folds  just  mentioned,  are  highly 
vascular,  and  it  is  probable  that  inflammatory  affections  of  the 
synovial  membrane  not  uncommonly  begin  and  are  most  obstinately 
maintained  in  or  near  one  or  other  of  them. 

In  addition  to  these  fatty  appendages  to  the  synovial 
theftrticQiAT  membrane  there  are  other  accumulations  of  fat  about 
the  joints,  lying  upon  the  hollows  or  depressions  of  the 
bones  in  the  immediate  neighbourhood  of  the  articular  surfaces.  It 
veiy  commonly  happens  that  the  articular  surface,  eajiecially  that 
forming  the  convex  head  of  a  bone,  about  which  a  more  or  less 
concave  socket  plays,  is  extended,  or  spread  out,  for  the  purj^ose  of 
increasing  the  security  and  range  of  movement  of  the  joint,  and 
projects  beyond  the  adjacent  surface  of  the  extremity  of  the  bone. 
Under  these  circumstances,  the  depression,  or  obtuse  retiriiig 
angle,  so  formed  aroimd  the  edge,  is  filled  up  by  fat.  Thus  a  layer 
of  fat  lies  upon  the  fore  part  of  the  lower  end  of  the  femur  behind 
the  edges  of  the  articular  surfaces  of  the  condyles.  In  some  dis^ 
eased  states,  which  have  prevented  the  free  movements  of  the 
joint,  this  layer  acquires  considerable  thickness.  Similar  accumu- 
lations of  fat  may  be  found  about  the  head  of  the  femur,  the  heads 
of  the  metacarpal  bones,  especially  on  their  palmar  sides,  and  in 
many  other  parts.  In  some  instances,  as  on  the  upper  surface  of 
the  neck  of  the  astragalus,  they  form  soft  cushions  for  the  reception 
of  the  edge  of  the  contiguous  bone  in  certain  positions  of  the  joints. 
When  the  foot,  for  instance,  is  bent  up  towards  the  leg,  the  an- 
terior edge  of  the  articular  sur&ce  of  the  tibia  is  received  and 
supported  by  this  fatty  cushion  upon  the  astragalus. 

The  joints  are  formed  very  early  in  fcetal  life,  the  synovial 
cavities  being  distinct  as  soon  as  the  limbs  are  sufficiently  formed 
for  movement  of  one  part  to  take  place  upon  another.  They 
were  quite  distinct  in  the  hip  and  shoulder  in  a  fcetus  under 
three  months  which  I  examined,  and  they  may  probably  be  found 
at  an  earlier  period.  It  ia  very  seldom  that  the  development  of 
a  joint  fails  entirely.     Even  malformations  are  not  very  common. 
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A  few  instances  are  Tccorded  wliere  the  bones  were  fomid  congeni^ 
tally  united— the  calcaneom  and  cnboid ;  the  calcaneum  and  sca- 
phoid; the  huinerua  and  radius*.  These  anomalies  have  no  espe- 
cial relation  to  the  ordinary  mode  of  development  of  tlie  parts 
in  man,  or  to  their  natural  condition  in  other  animals.  The  case 
occasionally  quoted  from  the  Misfoire  de  VAcudhnk  des  ScienceSf 
1716,  as  one  of  congenital  union  of  the  bones,  is  not  detailed  with 
sufficient  minuteness  to  enable  us  to  form  an  opinion  of  its  real 
nature. 

The  movements  of  these  synovial  joints  vary  a  good 
deal.  In  the  most  simple,  the  surfaces  are  nearly  flat, 
and  merely  glide  a  little  upon  one  another,  remaining 
in  the  same  plane,  or  nearly  i^.  Such  are  the  joints  between 
the  arches  of  the  vertebrae,  and  some  of  the  joints  of  the  foot  and 
hand. 

Secondly;  one  bone  may  revolve  upon  the  other, 
the  articular  surfaces  being  adapted  to  the  direction  and 
extent  of  the  movement  required.  When  the  movement  takes  place 
in  only  one  direction,  there  being  only  one  axis  of  motion,  aa  in  the 
ellx)w,  it  is  called  a  hinge-joint.  Such  a  joint  is  usually  furnished 
with  lateral  UgumeMis  whicli  are  connected  with  one  of  the 
bones  about  the  ends  of  the  imaginary  axial  line  romid  which  the 
other  revolves.  Thus  the  axial  line  of  the  motion  of  the  radius  and 
ulna  at  the  elbow  passes  through  tlie  lower  end  of  the  humerus, 
from  the  point  of  attachment  of  one  lateral  ligament  to  that  of  the 
other,  or  thereabouts  j  and  the  ligaments  are,  consequently,  about 
equally  tight  in  all  positions  of  the  joint, 

g^^  ^^  When  the  movement  takes  place  in  many  directions, 

iocket-jointe.  ^^^  there  are,  consequently^  many  axes  of  motion,  it  is 
called  a  ball-and-socket-joint.  Such  joints  are  usually  provided 
with  circular  ligaments,  like  muffs,  embracing  the  edges  of  the 
opposed  articular  surfaces.  Unlike  the  lateral  ligaments,  these 
capsular  ligaments  vary  in  their  degree  of  tension  according  to  the 
position  of  the  joints.    When  the  latter  are  in  a  position  of  ease, 


^  I  found  one  apocimen  of  oongenital  union  of  the  lintnertifi,  radius  and  ulna  m  tho 
MuB^e  Dapujtren. 
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the  ligaments  are  relaxed  in  their  whole  circumference;  and  it  is 
only  in  some  forced  posture  that  any  part  of  them  becomea  quite 
tight.  They  may  be  so  arranged  that  a  great  number  of  their 
fibres  are  rendered  tense  by  certain  postures  of  the  joint,  as  is  the 
case  "with  the  capsule  of  the  hip.  It  h  tightened  hi  almost  every 
part  when  the  thigh  is  extended  upon  the  j^elvis;  but  if  the  limb 
be  bent  a  little,  the  ligament  is  relaxed.  Some  joints  present 
combinations  of  the  hinge  and  the  ball-and-socket  conformation ; 
the  joint,  for  instance,  of  the  thumb  with  the  carpus.  When  a 
bone  rotates  upon  its  own  axis,  or,  what  comes  to  the  same  thing, , 
when  one  bone  rerolves  round  the  axis  of  another  bone,  it  may 
be  called  a  rotatory  joint.  Such  are  the  movements  of  the  upper 
end  of  the  radius  upon  the  ulna,  and  of  the  atlas  upon  the  tooth- 
like process  of  the  second  verte1>ra. 

Occasionally  the  sliding  is  combined  w^ith  the  hinge- 
of8iidinV°     '"^^  movement,  that  is  to  say,  the  axis  of  motion  is 
jTiDte^^        altered,  describing  a  curve  during  the  movement;  as  in  ' 
the  temporo-maxillarj'  and  the  knee-joints.     In  each  of  j 
these  instances  an  interarticular  fibro-cartilage  is  inserted  between 
the  bones,  which  serves  a  double  purpose.     In  the  Jirst  place   it  | 
lessens  the  amount  of  friction  between  the  two  Ijones,  wliich,  in  I 
consequence  of  this  combination  of  tlie  sliding  with  the  revolving 
movementj  would  be  more  than  what  ordinarily  takes  place  be-  \ 
tween  articular  surfaces.     It  does  this  in  consequence  of  tlie  parts 
being  so  arranged  that  the  one  movement — the  hinge-like  move- 
ment— takes  place,  in  great  part  at  least,  between  the  interarticular 
cartilage  and  the  one  bone;  while  the  other,  or  sliding  movement,  is 
chiefly  effected  between  the  interarticular  cartilage  and  the  other 
bone.      Thus    in   the   case    of    the    temporo-maxillary  joint,    the 
hinge-like  movement— the  opening  and  shutting  the  mouth — takes 
place,  chiefly  J  between  the  condyle  of  the  jaw  and  the  fibro-carti- 
lage; whereas,  the  sliding   movement— the  advancing  and  mth- 
drawing  of  the  teeth — is  couducted,  in  great  measure,  between  the 
fibro-cartilage  and  the  glenoid  cavity.     In  the  second  place,  the 
fibro-cartilage,   being   flexible  and   being  more  closely  connected 
with  one  of  the  bones,  follows  it  in  its  movements,  and  adapts  its 
surface  to  the  shape  of  the  articulating  surface  of  the  other  bone, 
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wliich  varies  in  different  parts  of  it.^  extent.  Thus,  to  revert 
to  the  teraporo-maxiUary  joint  for  illustration,  the  condyle  of 
the  lower  jaw  is  enabled  at  one  tirae  to  rest  upon  the  convex 
glenoid  ridge,  and  at  another  in  the  concave  glenoid  cavity, 
by  the  aid  of  tlie  inteqiosed  hbro-cartOage.  The  interarticular 
tibro-cartilage  of  tlic  stemo-clavicular  joint  does  not  quite  cor- 
respond with  those  of  the  knee  and  jaw,  being  rather  a  ligament 
of  retention,  passing  from  one  bone  to  the  other,  firmly  eonnccted 
with  both,  and  forming  a  very  powerful  bond  of  union  between 
them. 

In  some  instances,  where  a  variety  of  movements 
are  required  to  be  associated  with  great  strengtlx,  the 
end  m  attained,  not  by  a  combination  of  the  movements 
in  one  joint,  but  by  a  double  joint,  or  rather  by  the  employment 
in  juxtaposition  of  two  or  more  joints,  the  bones  of  which  play  in 
different  directions  upon  one  another.  Thus,  the  movements  of  the 
bead  upon  the  neck  are  distributed  between  the  occipiit  and  the 
atlas,  and  between  the  atlaa  and  the  dentata ;  the  nodding  power 
being  derived  from  the  joint  between  the  two  fonuer,  the  rotatory 
action  chiefly  from  the  joint  between  the  two  latter*  The  same 
may  be  noted  of  the  movements  between  the  foot  and  leg;  flexion 
and  extension  taking  place  at  the  ankle,  and  rotation  at  the  joint 
of  the  astragalus  witli  the  os  calcis,  and  of  the  latter  with  the  sca- 
phoid bone.  Occasionally  also  two  or  more  joints  combine  to  effect 
the  same  movement,  as  in  the  case  of  the  wrist^  where  flexion  and 
extension  are  effected  partly  by  the  rolling  of  the  car|jal-bone8 
upon  the  radius,  and  partly  by  the  rolling  of  one  row  of  carpal- 
bones  upon  the  otiier.  This  arrangement  also  is  for  the  purpose  of 
combining  freedom  of  movement  with  strength;  for  it  t^^U  be  found 
as  a  general  rule  that,  wherever  the  movement  between  any  two 
bones  is  free,  the  joint  is  proportionately  weak.  The  shoulder  and 
elbow  are  examples  of  this.  In  the  knee,  which  forms  an  exception 
to  the  rule,  compensation  is  afforded  by  tlie  great  extent  of  the 
articular  aiirfiices,  by  the  strength  of  t!ie  ligaments^  and  by  the  num- 
ber of  powerful  muscles  and  closely  attached  tendons  and  fascise 
that  invest  it.  An  illustration  of  the  combination  of  two  joints  of 
different  kind^  to  eflectj  or  rather  to  give  security  to  one  movement, 

6—2 


84        GENERAL  OBSERVATIONS  ON  THE  SKELETON. 

is  afforded  bj  the  articulation  of  the  first  vertebra  with  the  seoond 
The  lateral  joints  between  these  two  vertebm  are  arthrodial,  and 
serve  to  support  the  atlas  and  steady  it  in  the  revolving  movement 
that  takes  place  in  the  median  line  around  the  odontoid  prooefls, 
which,  surrounded  bj  the  arch  of  the  atlas  and  the  transyerM 
ligament,  stands  to  them  in  the  relation  of  the  *'  centre-pin'*  tQ 
the  "angel"  of  a  hinge-joint 
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That  in  the  human  frarae,  no  less  than  in  the  most  regular 
constructions  of  architecture,  certain  definite  proportions  are  ob- 
served between  the  several  component  parts  does  not  admit  of  a 
doubt,  and  scarcely  needs  to  be  asserted.  Those  proportions  in  the 
well-developed  frame  are  consonant  with  our  ideas  of  beauty,  and 
the  eye  of  every  one  is  more  or  less  cognisant  of  a  certain  law 
of  proportions,  to  which  it  behoves  the  artist  to  pay  scrupulous 
attention  if  he  desires  success.  To  give  pleasure  by  his  repre- 
sentations of  the  human  frame  he  must  aim  first  at  truthfulness  in 
proportions,  and  secondly  at  accuracy  of  detail  and  exquisiteness 
of  touch,  for  even  the  untutored  eye  will  be  sure  to  discover  an  error 
in  the  former,  though  it  may  fail  to  discriminate  with  respect  to  the 
latter.  Hence  the  proportions  of  the  human  figure  have  formed  a 
subject  of  study  from  very  early  times.  The  Egyptians  (the 
Assyrians  doubtless  also)  and  the  Greeks  had  their  respective  rules 
by  which  they  were  guided  in  the  formation  of  their  statues.  Both 
the  former  and  the  latter  took  the  foot  as  thrfT  standard,  and 
regulated  the  length  of  the  figure  accordingly.  The  former,  by 
dividing  the  body  into  six  feet,  gave  an  appearance  of  Jicaviness 
to  their  figures,  which  might  accord  well  with  the  general  character 
of  their  architecture ;  but  which  made  them  certainly  kaa  graceful 


*  B«»d  before  the  Cambridge  PMloeophicaJ  Society  in  April,  i85)^#* 
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and  less  consonant  with  our  ideas  of  bciiuty  than  the  statues  of 
the  Greeks,  whose  better  taste  and  more  accmate  measurement  led 
them  to  adopt  a  lighter  style  Ixith  in  architecture  and  statuary, 
and  who  gave  as  a  rule  seven  feet  for  the  lengtli  of  the  figure. 
The  great  artists  of  more  modem  times  are  said  by  those  who  have 
investigated  the  matter  to  have  been  careful  to  follow  this  rule ; 
making,  at  the  same  time,  the  head  an  eighth  and  the  face  a  tenth 
of  the  figure,  giving  to  the  lower  extremities  one  half  of  the  length 
of  the  body,  and  making  the  measurement  of  the  extended  arms 
equal  to  that  of  the  height  from  the  sole  to  the  crown*  If  they 
have  detracted  at  all  from  the  lengtli  of  the  figurcj  it  has  been  sure 
to  give  a  heaviness  to  their  productions.  This,  remarks  Camper*, 
is  exemplified  by  a  comparison  of  the  pictures  of  Watteau  w^itli 
those  of  Kuliens*  The  figures  of  the  former,  having  eight  heads 
instead  of  seven,  are  more  graceful  than  those  of  the  latter,  not- 
withstanding the  wonderful  power  of  execution  and  colouring  ex- 
hibited by  that  great  master*  A  consciousness  of  the  bad  eflfect  of 
this  error  has  induced  some  to  exaggerate  a  little  in  length,  which 
is  certainly  less  displeasing.  Thus  the  Pythian  Apollo  has  a 
length  of  eight  heads  and  a  half;  and  in  some  of  Michael  Angelo's 
figures  the  size  is  equal  to  nine,  ten,  nay  twelve  heads,  in  order 
to  communicate  more  grace  to  a  stooping  attitude. 

In  like  manner  the  height  of  the  columns  in  the  various  styles 
of  architecture,  and  the  dimensions  of  their  capitals,  were  regulated 
in  certain  definite  proportions  to  the  diameter  of  the  several 
columns.  The  radius  of  the  base  was  usually  taken  as  the  stand- 
ard of  measiu-cment  and  called  the  ''module."  Thus  the  Tuscan 
column  measured  16  modules,  the  Ionic  18,  and  the  Corinthian  20. 
Gradually  as  the  science  of  architecture  made  progress,  the  colunms 
were  rendered  lighter  and  more  graceful ;  and  it  is  interesting  to 
observe  that  the  several  parts  were  elongated  mitil  the  column, 
with  its  capital  and  base,  acquired  nearly  the  proportions  of  tlie 
human  frame.  Considering  the  capital  as  in  t!ie  place  of  the  head, 
the  whole  length  of  a  Corinthian  pillar  is  8^  heads. 


^  Onth€  (hnneaei&n  hdwten  the  aeience  of  Analom^  and  the  AfU  of  jDrawing,  Paint' 
ing,  SiiUmfjt  &e.     Translated  fram  the  Butch  by  T.  Cog»n,  M.  D.  1794. 
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With  the  view  of  obtaining  a  more  satlafactory  and 
proiKwedbr  Bcientific  **  module"  or  standard  for  determining  the 
proportions  of  the  human  figure  than  has  lieretofore  been 
adopted,  C.  G,  Carus^  selects  the  spinal  column  aa  being  at 
once  the  most  im|>ortant,  the  earliest  formed,  and  the  least  varying 
j)art  of  the  body ;  and,  dividing  it  into  three,  takes  one  of  theae 
portions  as  the  module  of  tlie  whole  skeleton.  His  investigations, 
conducted  ivith  all  the  assiduity  and  accuracy  which  characterize  the 
German  anatomists,  appear  to  justify  the  selection,  for  he  found  the 
various  parts  of  the  frame  to  correspond  in  a  remarkable  manner 
with  this  standard.  Thus  the  length  of  the  skull,  from  the  fore- 
Iiead  to  the  occiput,  equals  one  *^  module/*  or  a  third  part  of  the 
length  of  the  spine.  The  height  from  the  vertex  to  the  lower  margin 
of  the  upper  jaw  is  the  same.  The  circumference  of  the  skull  ia 
three  modules,  or  the  whole  length  of  the  spine.  The  length  of  the 
breast-bone  and  of  tlie  shoulder-blade  is  in  each  case  one  module. 
The  widtli  of  tlie  cliest  from  the  extremity  of  one  clavicle  to  that  of 
the  other  is  two  modules.  In  the  pelvis  each  of  the  measurements 
from  the  highest  point  of  the  ilium  to  the  sjTiiphysis  pubis,  from 
the  anterior  superior  spine  to  the  tuber  ischii,  and  from  one  anterior 
inferior  spine  to  the  other,  corresponds  with  one  module.  The 
arm  and  fore-arm  give  three  modules  and  the  hand  one.  The 
thigh-bone  gives  two  and  a  half;  the  tibia  two,  and  the  foot, 
from  the  ankle  to  tlie  tip  of  the  toes,  one.  The  height  of  the 
whole  body  is  9^  modules.  The  module  measures  18  ceutimetera, 
or  rather  more  than  7  inches,  making  the  entire  figure  5  feet  6J 
inches,  or  5  feet  7, 

These  are  tlie  ideal  proportions  of  the  well-developed  European, 
deduced  from  the  measurements  of  numerous  skeletons.  They  repre- 
sent the  mean  between  the  male  and  female,  and  are  stated  by  Cams 
to  be  generally  true,  tliough  not  applicable  witli  mathematical 
accuracy  to  any  one  person ;  alight  deviations  from  the  standard 
being  essential  to  the  endless  varieties  of  individual  form.  The 
measurements  which  I  have  myself  made  for  the  purpose  of  testing 


*  DU  PropcrUcmslehre  der  mentchlichen  Gtttali, 
from  this  work  ftt  p:^  1 1 1. 
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the  value  of  this  meanfl  of  determining  the  scale  of  the  proportiona 
of  the  figiirc,  tltough  in  a  general  manner  confirmative  of  the  results 
obtained  by  Cams,  have  proved  that  the  exceptions  to  the  roles 
laid  dow^l  by  liim  are  very  numerous. 

SiiflScient^  however,  has  been  said  to  give  a  general  idexi  of  tlie 
proportions  of  the  body.  Fiirtlier  information  may  be  quickly 
obtained  by  reference  to  the  tables  at  p.  106,  and  will  be  culled 
as  we  pass  along  in  the  more  interesting  task  of  instituting  various 
comparisons,  to  which  we  now  proceed, 

(5p„^p,^rt*»J  of  First,  let  us  briefly  compare  the  human  figure,  in 
trnlthli*^  its  proportions,  with  that  of  some  of  the  lower  animalSf 
lower «iiin*iji.  particularly  the  animals  which  present  the  nearest  re- 
semblance to  man.  To  a%'oid  prolixity  1  will  allude  only  to  some 
of  the  more  prominent  and  important  ditferences  between  them; 
such  aa  the  eye  will  quickly  detect  in  examining  the  respective 
skeletons,  or  such  as  are  indicated  by  the  accompanying  tables* 
Bittofbniu-  ^^  making  tliis  comparison,   tlie  first  thing  which 

**^  strikes  us  is,  the  great  proportionate  size  of  the  human 

brain-ca.se^  an  indication  not  merely  of  the  superior  intellectual 
capacity  of  man,  but  also  of  the  greater  predominance  and  control 
of  the  mental  or  volitional  over  the  vegetative  and  physical  parts 
of  his  system,  I  make  the  latter  remark,  because  in  dwelling  so 
much  on  the  offices  of  the  brain  as  an  organ  of  the  mind,  we  are 
sometimes  apt  to  under-estimate  its  importance  as  an  organ  of  the 
body,  to  forget  that  it  is  the  intervening  link  between  the  mind  and 
the  body,  and  that  it  has,  therefore,  its  relations  to  both. 

The  next  peculiarity  which  attracts  attention,  is  the 
small  comparative  size,  and  the  suppression  or  thruBting 
back,  of  the  face  and  jaws,  so  that  they  are  situate  beneath  the 
cranium  instead  of  being  protruded  in  front  of  it.  This  has  relation, 
first,  to  the  fact,  that  the  mouth  is  no  longer  an  organ  of  prehension. 
The  hands  are  free  to  do  this  work,  and  the  office  of  the  mouth  is 
altogether  subscr\dent  to  the  digestive  system  and  the  voice. 
Secondly,  this  thrusting  back  of  the  mouth  makes  the  ojjening  of 
the  orbits  more  vertical ^  and  gives  to  the  eye  a  more  complete  com- 
mand over  the  frame,  particularly  o%^er  the  lower  extremities.  In 
inoAt  of  the  inferior  animals  these  limbs  are  not  much  under  the 
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guidance  of  the  eye.  The  hind-feet  follow  the  front  and  need  no 
especial  direction.  Whereas  in  man,  each  movement  of  the  legs, 
as  well  as  of  the  arms,  is  regulated  by  eight. 

Another  peculiarity  in  the  human  frame  is,  the  great 
proportionate  size  of  the  lower  extremities.  The  length 
of  these  regiilates  very  much  the  middle  point  of  the  body,  which 
in  man,  is  at  or  near  the  symphysm  pubis.  In  the  most  nearly 
allied  animals  the  lower  extremities  are  much  shorter  and,  accord- 
ingly, the  middle  point  of  the  body  is  higher.  In  the  Chimpanzee 
I  found  it  to  be  3,  in  the  Orang  3^,  and  in  the  Gorilla  4  inches 
above  the  symphysis^.  Thus  an  ample  development  of  leg,  no 
less  than  of  brain-case,  is  one  of  the  attributes  of  man,  and  it  is 
no  empty  vanitj"  which  leads  him  to  be  proud  of  the  former  as  well 
as  of  the  latter.  A  etill  more  marked  peculiarity,  though  of  an 
opposite  kind,  is  obsen^able  in  the  upper  extremities  of  man,  as 
compared  with  the  fore-limba  of  these  animals.  They  are  not  only 
relatively  but  actually  much  shorter,  although  the  whole  human 
figure  is  considerably  higher.  The  reason  of  thia  obviously  is,  that 
the  human  arm  is  used,  not  as  an  agent  in  progression,  but  as  a 
minister  to  the  various  requirements  of  an  intelligent  Mall,  for 
which,  its  higher  purpose,  it  is  better  fitted  by  a  shortening  of 
its  component  parts,  whereby  it  is  brought  more  readily  imder  the 
dominion  of  the  sensorium.  And  it  is  for  the  sake  of  setting  this 
member  free  to  execute  the  behests  of  the  will,  that  the  lower 
extremity  is  developed  of  sufficient  length,  strength  and  compact- 
ness, to  bear  unaided  the  weight  of  the  body  and  to  perform  the 
whole  work  of  progression. 

Proportiom  of  With  regard  to  tlie  proportions  of  the  parts  which 
^a^aent  composc  the  extremities,  it  is  to  be  remarked,  that  in 
e**™°i**^  man  the  segments  nearest  to  the  trunk  are  comparatively 
lengthy;  the  more  distal  ones  being  comparatively  short  Thus, 
the  thigh  and  arm  are  respectively  longer  than  the  leg  and  fore- 
arm; the  leg  is  much  longer  than  the  foot;  and  the  fore-arm  is 
longer  than  the  hand.     The  inferior  animals,  on  the  contrary,  are 


^  See  Table  L  page  ]o6. 
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remarkable  for  the  comparatively  greater  length  and  strength  of  the 
more  distal  segment.^. 

In  the  Chimpanzee  and  Orang  the  leg  and  fore-ann  are  re- 
spectively nearly  equal  to  the  thigh  and  ann.  In  the  latter  animal 
indeed,  the  fore-arm  commonly  rather  exceeds  the  arm  in  length. 
In  each  of  the  three,  particularly  in  the  Orang,  the  hand  and  foot 
are  from  1  to  3  incheis  longer  tlian  in  man,  although  the  entixe 
stature  of  the  animal  is  from  10  to  20  inche^s  less,  and  the  excea* 
sive  development  of  the  phalanges  is  especially  remarkable.  It 
will  be  seen  from  Table  L  that  the  great  proportionate  length  of 
tlie  thigh  is  ojie  of  the  eharacterishcs  of  the  hmnan  figure;  it 
being  to  the  rest  of  the  frame  nearly  as  1  to  3^,  and  to  the  leg  as 
17.88  to  14,4.  In  the  Chimpanzee,  Orang  and  Gorilla,  it  is  to  the 
rest  of  the  body  about  as  1  to  4,  and  to  the  leg  as  12  to  10* 
(Tables  L  and  IV.  pp.  106  and  108.)  In  most  otiier  animals  the 
difference  is  still  more  marked.  There  are,  however,  some  excep- 
tions ;  and  the  Mylodon  preserved  in  the  I^Iuseum  of  the  College 
of  Siu*geon8  forms  a  ahiking  one*  In  it  the  femmr  measures 
18  inches,  the  tibia  being  only  7^  inches.  The  humerus  in 
the  same  animal  measures  14  and  the  radius  10  inches, 
ptiTponemt-  ^^'^  naturally  inquire,  what  are  the  purposes  served 

uitied  by  fihortr  j^^  ^^^^  ^^^j  ^j^^  lowcr  auinuiL^  by  these  diiferences  in 
segments.  the  rclative  ])roportiona  between  the  component  paita 
of  their  extremities.  WTiy  in  man  should  the  difference  be  in 
favour  of  the  proximal,  and  in  the  animala  of  the  distal  segments, 
I  can  only  suggest,  that  the  sliortening  of  the  distal  parts  of  the 
extremities  is  one  of  the  many  inBtaoces  in  the  human  skeleton,  in 
which  strength  is  sacrificed  to  celerity  and  nicety  of  movement,  aa 
well  as  to  a  ready  subservieuce  to  the  will.  It  is  obviously  of 
the  first  importance  that  these  latter  qualities  should  exist  in  the 
human  hand  and  fore-arm  in  tlie  most  perfect  manner;  and  to 
effect  this  the  bones  are  reduced  in  size,  while  the  length  of  the 
extremity  is,  to  a  suiEcient  extent,  maintained  by  the  prepon- 
derating size  of  the  humerus.  In  the  foot  also,  which  is  a  no  less 
marvellous  structure  and  little  less  important  as  a  ready  minister 
of  the  will,  variety,  celerity  and  nicety  of  movement  are  combined 
in  a  wonderful  manner  with  strength.      The  shortening  of  the 
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bones,  whereby  a  number  can  be  gathered  witliin  a  small  space 
and  the  part  Is  rendered  compact  and  strong,  contributes  to  these 
residts;  at  the  same  time  the  requisite  length  of  the  limb  13 
pre.'^eryed  by  the  great  size  of  the  femur.  In  the  monkey&,  on  the 
contrary,  all  four  extremities  being  used  chiefly  for  prehension  and 
climbing,  nicety  of  movement  in  the  upper  limbs  and  stability  in 
the  lower,  are  of  less  importiince  than  in  mmu  In  these  animals, 
accordingly,  extent  and  strength  of  grasp  is  secured  by  the 
extension  of  the  distal  at  the  expence  of  the  proximal  segnients  of 
the  limbs. 

C3wiip»Tiwa  The  inferior  races  of  mankind  exhibit  proportions 

^Mof*'^"'  which  are,  in  many  respects,  intermediate  between  the 
niwikijiiL  higher  or  European  orders  and  the  monkeys.  In  the 
Negro,  for  instance,  the  statins  is  less  than  in  the  Ein-opean.  The 
cranium,  as  is  well-kno^vTi,  bears  a  smaller  proportion  to  the  face. 
Of  the  extremities  the  upper  are  proj}ortionately  longer,  and  there 
is  in  l>otli  upper  and  lower  a  less  marked  prejxuide ranee  of  the 
proximal  over  the  distal  segments-  For  instance,  in  the  Negro 
the  thigh  and  arm  are  rather  shorter  than  in  the  European ;  the 
leg  is  actually  of  equal  length  in  both  races,  and  is,  therefore, 
relatively,  a  little  longer  in  the  Negro;  the  fore-arm  in  the  latter 
is  actually,  as  well  as  relatively,  a  little  longer;  the  foot  is  an  8th 
and  the  hand  a  12th  longer  than  in  the  European.  It  is  well- 
known  that  the  foot  is  less  well-formed  in  the  Negro  than  in  the 
ICuropean.  The  arch  of  the  instep,  the  perfect  conformation  of 
which  is  essential  to  steadiness  and  ease  of  gait,  is  less  elevated 
in  the  former  than  in  the  latter.  The  foot  is  thereby  rendered 
flatter,  as  well  as  longer,  more  nearly  resembling  the  monkey's, 
between  which  and  the  Eurojican  there  is  a  marked  difference 
in  this  particular.  In  Austrabans  and  in  the  Polynesian  tribes 
the  difference  is  less,  though  there  is  still  a  greater  proportionate 
length  of  the  leg  and  fore-arm.  The  feeling,  therefore,  wdiich 
is  prevalent  in  favour  of  a  small  proportionate  size  of  hand 
and  foot,  and  which  compels  civilized  and  imcivilized  nations 
alike  to  suljmit  to  varieties  of  torture  in  accommodation  to  it, 
has  a  foundation  deeper  tlian  mere  fancy.  It  is  based  upon 
one    of  the  characteristic  differences    between    the   higher    and 
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lower  races  of  mankiiidi  aa  well  as  between  man  and  the  lower 
animals. 

Ab  a  general  rule,  I  believe,  in  their  attempts  to  modify  the 
proportions   of  the   biunan  form  by  mechanical   appliances,  each 

nation  endeavours  to  give  more  forcible  expression  to  that  which 
may  happen  to  be  a  national  peculiarity*  Thua  the  Chinese,  who 
are  distinguished  by  the  smallness  of  their  hands  and  feet,  as  well 
as  by  the  si>arsenes3  of  their  hair,  endeavour  still  further  to  caramp 
the  former  whilst  they  reduce  the  latter  to  a  pig-taih  And  certain 
of  the  South  American  Indians,  regarding  as  a  beauty  that  pro- 
gnathous conformation  of  the  cranium  which  exists  among  the 
inferior  races  of  mankind,  endeavoiur  to  promote  it  by  compressing 
the  foreheads  of  their  children^  vnth  what  surprising  results  may 
be  seen  in  specimens  preserved  in  the  Museum  of  the  College  qf 
Surgeons^  ^^M 

c^jnfomifttion  With  regard  to  the  conformation  of  the  trunk,  we 

ofthctnmk.  flj^^j  ^fj^^^  i^^^^j^  ;^  ^{j^  ghai)e  of  the  chest  and  the  pelvis, 
the  human  figure  is  characterized  by  its  width  ;  the  transverse 
diameter  being  in  greater  proportion  to  the  antero-posterior  dia- 
meter than  in  tlie  lower  animals.  In  this  respect  again  the  negro 
occupies  an  intermediate  position.  The  chest  and  pelvis  are  not 
only  both  smaller  than  in  the  Europeiin,  but  the  transverse  diameter 
of  both  is  diminished  in  a  greater  degree  than  the  antero-posterior 
diameter.  It  la  said  by  Carus  tliat  the  transverse  diameter  of  the 
Negro*8  chest  is  a  sixth  less  than  that  of  the  European,  and  that 
the  antero-postcrioT  diameter  measures  nearly  the  same  in  both; 
and  it  will  be  found  by  reference  to  the  table  at  p.  106,  that  the 
transverse  diameter  of  the  pelvis  in  the  Negro  measures  nearly  an 
inch  less  than  in  the  European,  whereas  there  is  very  little  diffei^ 
ence  observable  in  the  antero-posterior  diameter*. 


*  Thin  diepositioE  ii  very  Fem&i-karMe,  eflpect&Uy  if  it  be  found  to  «xifft  in  ^ 
where  there  may,  perhApSi   not  li&ve  baen  the  opportunity  of  compansoB  so  aa  to 
cr^te  Iho  pHdw  of  difference. 

*  I  found  gfTcat  varietieft  in  the  measurements  of  diflerent  BpedmenB  of  the  negro 
pelvia,  and  (hat  the  difference  in  Bim  between  the  nmlo  and  the  female  was  commonlj 
more  pronounced  than  In  the  Europeui,  the  male  being  very  imiilL 


THK  HUMAN  FIGURE. 


93 


A  flue  fnUDo 
thff  nrntaml 
asrt4jciat«  of  a 
powerful 


It  has  been  aufficientlj  proved  by  the  observations  of 
others^  that  the  negro  cranium  is,  in  its  capacity  as  well 
as  in  its  relation  to  the  face,  inferior  in  size  to  that  of  the 
Europeanj  but  Table  IV*  shews,  that  in  its  relation  to  the 
rest  of  the  skeleton  tliis  is  not  the  case.     The  craniinn  of  the  Negro 
is  there  seen  to  bear  a  slightly,  and  that  of  the  Bosjesman,  a  con- 
siderably greater  proportion  to  the  rest  of  his  skeleton  than  does 
that  of  the  Enropean;   which  is  a  remarkable  and,  I  think,   an 
unexpected  fact.     It  is,  however,  to  some  extent  in  accordance  with 
a  conclusion  which  forces  itself  upon  us  in  reviewing  this  com- 
parison of  the  European  skeleton  with  that  of  the  Negro,  and  of 
both  with  that  of  the  monkey,  and  which  is  confirmed  by  a  more 
extensive  surv^ey  than  I  am  able  here  to  give;  namely,  that  in  the 
ascent  from  the  lower  animals  to  the  higher  orders  of  mankind 
there  is  a  gradual  increase,  not  only  in  the  actual  si^e  and  capacity 
of  the  cranium,  but  also  in  the  size  of  the  whole  frame,  and  more 
particularly  in  the  size,  strength,  and  excellence  of  conformation 
of  the  lower  extremities.     The  dimensions  of  the  cranium  are,  on 
the  whole,  a  fair  criterion  of  the  dimensions  of  the  brain,  and,  con- 
aequently,  of  the  nervous  and  intellectual  powers  of  the  indi\iduaL 
It  follows  then,  from  the  comparisons  of  different  nations  of  man- 
kind and  of  the  animals  nearest  approaching  them,  that  the  size 
of  the  frame  is,  on  the  wliole,  proportionate  to  that  of  the  nervous 
centres.     This  led  me,  in  a  former  paper  which  I  had  the  honour 
to  read  before  this  society^  to  observ^e,  that  the  mental  and  corporeal 
capacities  are,  to  a  certain  extent,  an  expression  of  one  another, 
and  that  a  fine  and  well-developed  frame  is  the  natural  associate 
of  a  powerful  intellect.     We  should,  d priori^  expect  that  It  would 
be  so,  and,  though  numerous  exceptions  may  be  adduced,  the  result 
of  all  the  many  causes  which,  particularly  in  civilized  life,  con- 
tribute to  modify  the  normal  development  and  growth  of  the  frame, 
I  have  no  question  that  the  nde  does,  on  the  wiiole,  stand  good. 

Let  us  now  proceed  to  observe  briefly  the  changes 

Froportlotm  \  .  . 

»t  different        that  take  place  in  the  proportions  of  the  body  as  it 
****  passes  through  the  various  phases  of  development  and 

growth  on  the  way  to  manhood*     The  most  striking  feature  in  these 
changes  is,  the  great  relative  size  of  the  head  during  the  early 
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periods  of  exifilence^  id  comjionson  with  the  more  adiranced  periods. 
In  the  second  month  of  fcetal  life  the  head  measares  «  half,  or  moiv 
tlian  a  half,  of  the  whole  length  of  the  emlin-o*  At  abont  thitt 
montliB  it  ineastires  an  inch,  the  length  of  the  cmbrj^o  being  from 
2i  to  3  inched.  The  re«t  of  the  IxKly  goes  on  grawing  at  a  grater 
rate  than  the  head,  and  the  length  of  the  fceina  receive©  consider- 
able addition  from  the  outgrowth  of  the  extremitiea,  so  that  bjr 
the  seventh  month  it  measures  13  inches,  the  head  being  now 
only  3^  inches.  At  birth  the  head  forms  a1)out  a  fourth  of 
the  lengtli  of  the  child^  The  relative  decrease  continues  more 
slowly  as  growth  proceeds,  till  the  adult  period,  when  the  head 
measures  about  an  eighth  of  tlie  length  of  tlie  body  or  lessw  Thus, 
from  birth  to  adolescencej  the  relative  size  of  the  head  is  redttced__ 
at  least  one  half.  ^H 

iTMinn  fif  111  ^^'^  ^^^  ^^^^  Struck  with  the  remarkable  and  appa-     ' 

TOMwtioiiAte    rently   inconsistent  fact  tliat  the  cranium,    and   con§e- 

ilf»  of  hnln  Ln  -^  ' 

latmoey.  quciitly  tlic  brain,  should  liave  so  great  size,  relatively 

to  tlie  face  and  the  rest  of  the  body,  during  the  periods  of  intra- 
nterine  and  infantile  life,  when  the  cerebral  faculties  can  scarcely 
be  said  to  Ixj  in  existence,  when  they  are  at  any  rate  very  feebly 
exerted:  and,  further,  that  as  the  latter  come  into  play  and  acquire 
an  increase  of  |>owcr  and  a  greater  command  over  the  rest  of  die 
body,  the  relative  size  of  tlie  brain  sliould  undergo  a  continually 
progressive  decrease.  Or»  to  put  tiie  case  in  a  somewhat  more  cor- 
rect way ;  it  seems  very  strange  that  the  brain  and  skull  should  be 
90  mucli  in  advance  of  the  rest  of  the  body  during  that  very  period 
of  life  in  wliich  the  cerebral  functions  are  least  active  and  have 
least  influence  over  the  other  orgiins  j  and  that,  subsequently,  when 
the  intellectual  faculties  are  becoming  developed,  and  the  wall  is 
gaining  the  ascendancy  over    the    organism,   the    growth    of   the 


*  T1i«  ineifftireineny  g^ven  by  Cani«  corresiwnd  vety  nearly  with  the  above.      ^ 
■tabes  timt  at  the  commencement  of  the  necoufl  tnonth  of  fojtal  life  tho  len^  of  th« 
head  is  to  that  of  the  vertebra]  coluinn  w  t  to  r ;  at  the  beginning  of  the  third  montl 
it  is  aa  1  to  3.     hy  the  beginning  of  the  fifth  month  it  ia  aa  ^  to  3,  the  reLitions  beinft-, 
aboot  the  Burne  u  at  birth.     At  birth  he  findu  that  the  face  forms  a  third  instead  of] 
a  half,  of  the  vertical  depth  of  the  ekull,  the  orints  l>eing  uf  great  proportionate  she^  f 
wheruas  the  nose  beafB  about  the  name  proportion  as  in  the  adult. 
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face,  tnink  and  lirabs,  should  proceed  at  so  much  greater  rate  than 
does  tlie  braiu.  Tlie  explauatio|i  of  tlus  apjmreut  anonuily  is 
afforded  by  the  conditions  under  which  the  brain  is  placed*  It  is, 
for  the  purposes  of  protection,  shut  up  in  a  case  of  bone  which 
becomes  hard  and  unyielding  soon  after  the  child  enters  tlie  workl; 
and  that  case  admits  only  of  a  alight  and  slow  increase  of  size,  because 
bone  possesses  very  little  power  of  interstitial  growth,  and  becauae 
the  bones  of  the  skull  cannot  grow  much  at  their  edges  in  conse- 
quence of  the  manner  in  whicli  tliey  arc  interlocked  at  the  sutures. 
To  avoid  the  difficulties  which  must  necessarily  have  resulted  from 
anything  like  a  proportionate  rate  of  growth  under  such  circum- 
stances, tlie  brain  is,  at  an  early  period,  while  the  skidl  is  still 
partiy  membranous  and  yielding,  made  large,  but  at  tlie  same  time 
soft,  pulpy,  ^rith  much  fluid  in  its  texture,  Subisequently,  when 
the  skull  has  become  consolidated,  when  the  intellect  is  ripening 
and  volition  is  strengthening,  the  brain  increases,  not  so  much  in 
size  as  in  the  density  and  quality  of  its  texture,  and  in  the  number 
and  depth  of  its  convolutions.  Thus  in  infancy  the  brain  is  large, 
flaccid,  feeble,  and  quickly  gromng.  In  adolescence  its  gro\Hh  is 
slower ;  but  it  is  gradually  becoming  denser  and  more  powerful,  and 
is  acquiring,  by  virtue  of  the  increase  of  its  convolutions,  a  greater 
amount  of  that  vesicular  structure  upon  which  its  higher  proper- 
ties seem  more  particularly  to  depend. 

It  has  been  suggested  that  the  proportions  of  the  head  in  infancy 
have  reterence  to  parturition ;  that  the  head  of  the  fcctus  is  of 
large  size  compared  with  the  rest  of  the  body,  that  it  may  gravitate 
in  the  liquor  amnii  to  the  os  uteri,  and,  by  closing  that  orifice, 
prevent  the  presentation  of  the  hands  and  feet*.  Those  who 
tiike  that  \-iew  seem  to  have  forgotten  that  if  the  weight  of  the 
bead  were  the  cause  of  its  presenting  in  the  erect  posture  of  the 
woman,  it  would  have  rather  a  contrary  effect  when  she  was  re- 
cumbent. Yet  he^d-presentations  are  not  said  to  be  less  frequent 
in  women  who  keep  their  bed  than  in  those  who  move  about.  Not 
long  ago  I  found  the  head  presenting  in  a  patient  who  liad  long 
been  confined  to  bed,  and  who  died  under  the  effects  of  prematm^e 


^  Shaw,  M^ko-Chirttr<^eeU  TVanaactionij  %JTt.  338. 
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laboiir.     Tliere  can  be  little  doubt,  I  think,  that  tlie  presentatioB 
the  head  in  so  large  a  proportioi^  of  casea  i&  due  to  the  fact  that  t 
contractions  and  preasure  of  the  walls  of  the  uterus  bring  the  lo] 
axis  of  the  child  into  correspondence  ^vith  its  own ;  and,   aided  b; 
the  movements  of  the  lower  extremities,  direct  the  latter  and  th^j 
nates  into  the  fundus  or  more  roomy  part  of  the  organ,  wlxich 
the  opposite  or  cranial  end  to  occupy  the  pelvis, 
BkttU  ton*  In  ^^  i^  ^  curious  fact  that  when,  from  any  cause, 

iiiori  ifinoQA.  growth  of  llie  rest  of  the  Ijody  is  stunted,  the  head  nol 
only  remains  disprt>portionately  large,  but  it  often  becomes  actuallj: 
larger  than  in  other  persons.  Thus  short  persons  and  persons  with: 
imperfectly  developed  lower  extremities,  are  not  uncommonly  re- 
markable for  the  size  of  their  beads.  The  same  may  be  observed 
in  rickety  and  hump-backed  persons.  Whereas  those  who  groir 
quickly  and  become  unusually  tall  have,  for  the  most  part,  rather 
small  heads.  As  though  the  exi>euditure  of  growing  force  being 
too  great  in  one  direction,  other  parts  are  ill-cared  for. 
B«i»ti«ifTDwih  Although  the  skull  is,  at  birth,  of  great  size  proper- 1 
of  cica  tionately  to  the  rest  of  the  body,  it  is  not  so  in  all  its  1 

parts.     It  is  to  the  cerebral  portion,  developed  so  as  to  contain  the  I 
large  brain,  that  tlie  size  of  the  skull  is  chiefly  due.     The  base  of  I 
the  skull  and  the  face  bear  but  a  small  proportion  to  the  cranium,  | 
Had  they  been  developed  during  the  foetal  state  in  the  same  ratio  j 
with  the  upper  part  of  the  brain-case,  a  greater  diameter  of  the  i 
mother's   pelvis   would   have   been   necessary  to  permit  delivery.  I 
After  birth,  especially  during  the  periods  of  dentition,  comi>ensation 
is  made  by  the  growth  of  the  face  and  of  the  base  proceeding  at  a  j 
greater  rate  tlian  docs  that  of  the  rest  of  the  skull.    Supposing  there-  I 
fore  any  cause  to  occur,  such  as  rickets,  which  arrests  the  growth  of 
the  whole  body,  then  we  find,  not  only  that  the  limbs  are  small  in  com- 
parison  -wath  tlie  skull,  but  that  the  face  also  is  small  in  comparison 
with  the  cranium.     In  short,  the  infantile  tj^pe  rcnuiins  peqietuated 
in  both  mstances.     Attention  was  first  particularly  directed  to  this 
point  by  Mr  Shaw^  who  finds  **  the  relative  size  of  the  cranium  to 


*  Medico- Ckirur^iml  Tranaoftioni,  VoL  xvii.  26,     The  observatione  of  Mr  Slikw 
*re  on  the  wholes  coufiiroed  by  the  meiiauj^mi;Qi8  of  ive  rftdetons  witli  eurvature  of 
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tliat  of  the  face,  in  the  child,  to  be  as  8  to  1;  in  the  adult  as  6  to  1 ; 
while  in  the  adult  whose  growth  has  been  interrupted  by  licketa  it 
is  as  7^  to  1;  that  is,  the  ratio  in  such  individuals  is  intermediate 
between  what  it  is  in  the  child  and  the  adult/'  In  those  persons  who 
exceed  the  ordinary  standard  of  heiglit,  he  finds  the  impulse  of 
growth  to  be  shared  by  tlie  face  and  extremities  in  a  greater  degree 
than  by  the  craniun)*  Thus  the  relation  of  the  skull  to  the  face 
of  the  giant  was  only  5  to  1.  These  results,  though  generally 
true,  are  liable  to  some  exceptions.  I  have  remarked  that  not  mi- 
frequently  in  short  persons,  and  occasionally  in  rickety  skeletons, 
the  face  has  borne  its  proper  relative  size  to  tlie  cranium,  both  being 
in  an  equal,  or  nearly  equal,  degree  out  of  proportion  to  the  rest  of 
the  bod}'.  It  must  be  remembered  that  in  some  rickety  subjects 
the  brain  exceeds  the  ordinary  size ;  in  others  the  skull  is  mor- 
bidly tliiekened ;  and  both  these  conditions  are  sources  of  fallacy 
in  estimating  the  usual  relations  of  the  face  and  cranium  in  that 
class  of  persons. 

proporuom* of  1''^*^  liuibs  may  be  distinguished  in  the  second  month 
d^S^d^e-  ^^  foetal  life  as  small  processes  budding  out  from  the 
lopment  flidcs  of  the  trunk ;  the  upper  ones  a  little  sooner  than 

the  lower :  and  tlte  feet  and  lianda  are  the  parts  first  fonned.  At 
3  months  the  upper  limbs  measure  rather  more,  the  lower  rather 
leas,  than  J  inch.  The  shape  of  the  feet  and  hands  is  distinct; 
though  the  thimib  is  at  that  time  nearly  parallel  with  the  fingers, 
not  divergent  fironi  them  as  it  subsequently  becomes.  At  7  months 
the  upper  extremities  measure  5^  inches,  and  are  exceeded  by  the 
lower  which  measure  6  inches:  the  division  into  upper  arm,  fore-arm, 
and  hand,  into  thigh,  leg,  and  foot,  has  also  become  apparent. 

At  the  7th  month  the  nails  arc  better  developed  in  tlie  fingers 
than  in  the  toes ;  and  ossification  has  commenced  in  all  the  terminal 
phalanges  of  the  fingers,  whereas  in  the  toes  it  is  confined  to  the  ter- 
minal phalanx  of  tlie  poUcx,  Thus  the  fingers  are  a  little  in  advance 
of  the  toes  in  their  development  at  tliis  period.   Not  so,  however,  the 


iJie  Bpioe,  made  by  I>r  M.  Stem  (M^lUfa  Archiv,  1834,  p.  135).  These  show  the  face 
to  be  mmll,  actually  aa  well  aa  relatiyelj  to  the  craniwa.  Hq  found  the  same  with 
r«gMd  to  all  the  other  bonea  of  the  akeleton  with  tho  exception  of  the  braio-caae 
which  wms  krge. 
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carpus.  In  it  ossification  has  not  begun,  whereas  there  is  ab*eai 
bony  nucleus  in  the  hcel-bonc.  At  birth  the  lower  extremities  lia 
gained  some  other  points  in  advance:  a  distinct  bony  nucleus  is 
sent  in  the  astragalus,  in  the  lower  epipliysis  of  the  femur,  sim 
in  the  nppcr  epiphysis  of  the  tibia,  (sc^e  PI.  I.) ;  and  ossification 
has  made  considerable  progress  in  all  the  phalanges.  It  appears^ 
therefore,  that  the  extremities  proceed  part  pasm  in  their  develop 
ment  more  nearly  than  might  be  supposed  from  the  statements  gen©^ 
rally  made.  Tlie  upper  extremities  have  a  little  the  advantage  in  tliQ 
earlier  periods  of  fcetal  life ;  but  they  are  overtaken  subsequently 
by  the  lower  limbs,  which,  at  the  time  of  birth,  are  somewhat  in 
advance  of  them*  i 

With  regard  to  the  proportions  of  the  different  ^e^M 
ments  of  tlie  extremities ;  in  the  earliest  periods  the  amij 
and  thigh  are  respectively  shorter  than  the  fore-arm  and 
leg,  and  the  latter  are  respectively  shorter  than  the  hand  and  foot.] 
During  development  and  growtli  these  propoi-tions  gi^adually  becomi 
reversed ;  but  the  final  relations  between  the  several  segments  ai 
not  established  till  after  puberty  (Tables  VII.  and\TII,).    At  birtl 
it  will  be  seen  by  reference  to  the  tables,  that  the  arm,  leg»  and  fooi 
are  of  about  equal  length  ;  and  that  the  hand  is  a  little  longer  than 
the  fore-arm.  I 

Ffctai  propor-  Tliesc  facts  ftie  interesting  as  clearly  showing  that  iii 

Bomeftpproxi-  its  earlier  Conditions  the  most  perfect  human  fonn  pre- 
S^e^j^r**  ®^^**^  ^^^^^  numerous  approximations  to  the  pennanent 
qaadrauainfl.  type  of  the  NcgTO,  and  likewise  to  that  of  the  quadni-i^ 
manous  animal,  than  at  subsequent  periods.  They  show  also  that 
it  is  during  the  work  of  development  and  growth  that  the  lower 
extremities  attain  their  greater  relative  dimensions,  and  tliat  th©I 
proximal  segments  of  both  upper  and  lower  extremities  come  to  bear] 
that  large  proportion  to  their  distal  parts  whereby  the  European 
type  is  characterized.  By  thus  reducing  the  difference  in  tj-pe  be- 
tween the  Negro  and  the  European  to  a  mere  matter  of  growth,  and  i 
sliowing  that,  so  far  as  the  extreniitiea  are  concerned,  a  transient  con- 
dition of  the  one  corresponds  with  a  permanent  condition  of  the  other 
— tlie  one  being  only  a  further  development  of  the  other,  or,  rather, 
a  degree  of  development  in  advance  of  the  other^ — some  coimtenance 
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is  given  to  the  opinion  entertained  by  Pritcliard  and  others,  that 
the  human  fiimily  are  all  derived  from  one  stock,  which  has  become 
modified  by  a  vigriety  of  external  circumstances,  and  that  the  type 
of  that  stock  is  preserved  in  the  Negro.  Tlie  same  remark  applies 
also  to  the  dimensions  of  the  trunk.  Till  the  period  of  puberty  the 
European  and  the  Negro  more  nearly  correspond.  It  is  not  till  after 
that  period  that  the  greater  proportionate  breadth  of  chest  and  pelvis 
is  attained  in  the  former. 

That  inferences  of  this  sort  must,  however,  be  drawn  with  miicli 
caution,  is  sufficiently  illustrated  by  the  view  which  has  been  takeu 
from  the  same  line  of  argument  pressed  a  little  ftirther,  or  rather 
I  should  say  a  good  deal  further:  namely,  that  not  only  is  the 
European  a  result  of  an  advanced  development  of  the  negro  type, 
but  that  both  are  in  like  manner  merely  the  product  of  an  advanced 
development  of  the  monkey.  This  fancifiil  notion,  derived  from 
exaggerated  ideas  of  similarities  that  exist,  and  of  the  changes 
which  take  place  in  f^ietal  life,  as  well  as  from  an  imperfect  know- 
ledge of  the  real  differences  between  tlie  human  and  the  quadruma- 
nous  classes,  has  been  so  amply  refuted  by  Professors  Clark  and 
Owen,  that  it  needs  no  finrther  comment. 
,,*..!     .  .  Tlie  small  size  of  the  pelvis  and  lower  limbs,  in  com- 

Middk  point  ^  ^  * 

of  figure.  parison  with  that  of  the  head  during  the  first  months  of 

fetal  life,  causes  the  7mddle  point  of  the  boily  to  be  situated  higher 
at  that  period  than  afterwards*  At  about  3  months  it  is  a  little  above 
the  lower  end  of  the  stemiim.  Before  this  it  is  higher  stilL  At 
7  months  it  is  jimt  below  the  lower  end  of  the  sternum.  At  birth 
it  is  a  little  above  the  umbilicus-  After  birth  to  adolescence  it 
is  between  the  umbilicus  and  the  pubes  j  being  for  the  most  part 
a  little  lower  in  tall  persons  than  in  tlie  short.  In  a  man  who 
was  only  4  ft?et  2  in.  in  height,  the  middle  point  was  at  the  umbilicus. 
In  the  well-formed  adult  it  is,  as  before  said,  at  the  symphysis 
pubis;  the  length  of  the  lower  extremities  being  equal  to  that  of  the 
rest  of  the  body.  In  the  position  of  the  middle  point  of  the  body 
we  find,  therefore,  another  point  of  similarity  between  the  ftctal  and 
the  quadrumanoufl  skeleton. 

It  appears  from  the  measurements  of  Carus,  that  the  age  of  15 
offers,  in  some  respects,  a  contrast  to  the  proportions  of  fcetal  life; 

7—2 


THE   PROPORTIONS  OF 

foraBniiich  as  at  thut  time  tlie  extremities  have  acquired  a  greS 
relative  length  than  at  any  former  i>erio<l ;  which  is,  to  a  certaii 
extent,  lost  in  the  further  acconiplitihinent  of  growth.  This,  h 
remarks,  gives  the  lengthiness  of  limb  and  slendemesa  of  figuK 
which  is  cliaracteristic  of  that  period  of  life.  Some  corroboration  o 
this  statement  is  fimiished  by  the  measurements  given  in  Tablo 

VII.  and  vnL  pp,  no,  IIL 

ATKsted  Examples  of  arrested  development  and  growth,  m 

development  already  mentioned,  are  occasionally  met  with,  in  wliiu| 
tlie  fct'tal  proportions  are  perpetmited  In  the  adult  frame.  The  mod 
marked  instances  are  those  in  which  the  earliest  condition  is  permai 
nent,  a  hand  or  foot  only  being  appended  to  the  tnmk,  and  all  thi 
rest  of  the  limb  beincj  wantini;.      In  rickety  person^ 

PecuJiarllltiior  i ,        ,    r       ^  t       v      i 

ricked  ind  whose  growth  IS  usually  defective^  tlie  hmbs  are  coiiif| 
'*^"*"  monly  short ;  and  it  is  interesting  to  observe,  that  th| 
failure  of  growth  is  most  marked  in  the  arms  and  thighs;  more 
ticidarly  in  the  latter*  I  have  measured  some  examples  in  whi 
the  fore-arm  was  longer  than  the  arm,  and  several  in  which  the  lej 
was  longer  than  the  thigh.  In  some  of  these  the  trunk  is  alai 
small;  but  in  most  of  them  the  head  has  its  normal  size,  or  mon 
tlian  its  normal  sizCj  giving  a  remarkable  preponderance  to  tliis  pajS 
of  the  figure. 

In  persons  of  this  class  the  limbs  are  generally  curved,  evei 
wlicn  thei*e  is  no  other  evidence  of  a  rickety  diathesis.  Indeed  ] 
tliink  it  may  be  stated  that  as  a  general  rule  the  bones  are  curved 
in  i^rupuition  to  the  shortness  of  stature  of  the  individualj  th| 
tallest  persons  having  the  straightest  bones.  This  may  be  for  ih^ 
purjjose  of  redeeming  by  their  greater  curvature  some  of  the  elaa> 
ticity  which  has  been  lost  by  want  of  length  in  the  bones,  so  thai 
the  delicate  internal  organs  may  be  alike  defended  from  jars,  whetliei 
the  bones  are  long  or  short.  Be  this  so  or  not  it  is  certain  tha^ 
owing  to  the  leverage  which  these  curves  afford  to  their  musclea^ 
very  short  persons  are  commonly  verj^  strong,  .  i 

Dwwfsoatbe  '*  ^^  *^  ^  remarked  that  sliort  persons,  in  whom 

whole  well  i>fij.  the  deficiency  of  height  is  due  to  a  want  of  proi>er  proJ 
purtionate  growth  in  certain  parts,  are  to  be  distinguished 
from    dwarfi   strictly    so   called,    although   they    are    often   con- 
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founded  with  them.  In  the  true  dwarf,  so  far  as  I  have  been  ahle 
to  ascertain,  the  proportions  l>etween  the  seyeral  parts  of  the  frame 
are  good,  corresponding  or  nearly  corresponding  with  those  of  tlie 
numial  adult;  and  the  diminutive  stature  depends,  accordingly,  not 
upon  the  relatively  imperfect  growth  of  any  particular  segments,  or 
even  upon  the  permanence  of  a  foetal  or  childlike  condition;  but 
upon  the  whole  frame  being  undersized.  The  various  phases  of 
development  and  growth  go  on,  and  go  on  correctly,  but  upon  a 
small  scale.  This  was  the  case  in  Nicholas  PeiTj' — alias  Boebe — 
^t.  23,  a  celebrated  Polish  dwarf,  under  3  feet  high,  whose  skeleton, 
preserved  in  the  museum  of  the  Jardin  des  Plantes^  shows  a  fair 
proportion  bet^^een  head,  trunk  and  extremities,  (Tables  III.  and 
Their «itr«niti«i  ^^^  PP*  ^^^^  9,)  aud  lu  a  dwarf  Kt.  26,  under  4  feet 
rmthfirien^thf.  high^  the  measurements  of  which  are  given  by  Cams*; 
it  was  so  too,  if  my  memory  is  correct,  in  the  instance  of  General 
Tom  Thumb,  Indeed  in  Cams'  case,  far  from  the  infantile  type 
being  retained,  as  it  would  have  been  from  a  mere  imperfection  of 
growth,  it  Is  most  remarkable  that  the  extremities  are  somewhat 
longer  than  they  should  be,  the  preternatural  length  depending, 
in  great  measiu-e,  upon  a  disproportionate  growth  of  the  thigh  and 
arm.  In  Bcebe  also,  though  the  leg  and  fore-arm  are  short,  the 
arm  is  long  in  proportion  to  the  whole  figure  and  the  thigh  is 
long  in  proportion  to  the  leg.  It  would  se^m,  therefore,  that  the 
stature  of  these  dwarfs  is  somewhat  higher  than  its  module  woidd 
indicate  that  it  should  Ijc;  and  if  the  same  proportions  be  fomid  in 
other  instances  the  paradox  would  be  rendered  tenable,  that  dwarfs, 
though  imdersized,  are  in  reality  ratlier  overgrown  persons'. 


^   Dk  Proportion^hre,  ».  ii,  and  Table  X.  given  at  p,  i  ti» 

*  The  SiciliAii  dwarf  preaerved  in  the  College  of  Surgeoiw,  whose  meaffuremettts 
are  givt^n  in  Table  III.,  i»  not  a  fair  exiunple,  iDaamuch  as  »he  wai»  only  ten  yeara 
old,  and  the  processed  of  development  as  well  aa  growth  are  remarkably  backwani, 
being  advanced  very  little  beyond  what  is  usual  at  the  time  of  birth.  Most  of  the 
epiphyses,  as  well  as  most  of  the  carpal  and  tarsal  bones,  remain  cartilaginous,  and 
the  fikuU  m  very  large.  In  Boebe  I  observed  the  head  and  face  to  be  rather  amall  in 
proportion  to  the  rest  of  tbe  body,  and  decidedly  araall  in  comparison  with  the  head 
and  face  of  a  four-yearold  skeleton  which  standi  close  by  it,  and  which  exceeds  it  in 
height  by  two  inches;. 


r 


TiU 


It  may  be  objected  that  thia  eondusion  is  not  warranted,  andthi 
instead  of  saying  tlie  extreraitiea  are  disproportionately  long  in  t&ei 
dwarfs,  it  would  be  more  correct,  or  at  any  rate  equally  correct,  I 
say,  that  the  otiier  parts  are  dUproportionately  smull.  To  this  i 
would  answer,  that  foragmuch  as  the  central  parts  of  the  skdetaf 
are  those  &rst  formed,  are  the  most  important^  and  are  in  cloi 
relation  w^th  the  various  important  internal  organs,  being,  in  &<4 
in  great  measure,  moulded  upon  those  organs,  they  may  be  moa| 
fitly  selected  as  affording  the  standard  of  the  proper  dimensions  a 
the  whole  skeleton.  We  are  therefore  more  likely  to  arrive  at  call 
rect  conclusions  respecting  the  normal  height  of  the  skeleton  ii 
any  particular  instance  by  data  derived  from  them  than  from 
extremities.  The  latter  are  subject  to  greater  varieties,  and  mi 
be  considered  long  or  short  in  accordance  with  their  relation  to 
central  parts* 

Having  made  these  observations  with  reference  U 
dwarfs  I  naturally  turned  with  some  interest  to  examii 
the  proportions  of  those  who  are  oversized-  The  measurements 
several  persons  who  were  somewhat  above  the  ordinary  standard 
height  showed  that  there  was  considerable  variety.  In  some  tlu 
height  depended  chiefly  upon  length  of  trunk,  in  others  more  upofl 
length  of  extremities;  and  in  many  both  trunk  and  extremitiei 
were  elongated  in  an  equal  degree.  In  short,  no  particular  reaolf 
were  obtained. 

rngUntitha  The  only  Giant's  skeleton  I  have  had  an  oppoi 

triXtiortfa!  ^^^y  ^^  measuring  is  that  of  O'Bynie  in  the  musei 
■utum.  of  the  College  of  Surgeons.     His  height  was    8   fi 

2  inches.  He  died  at  the  age  of  22,  The  measurements  given  iuj 
Table  II.  indicate  proportions  in  many  respects  the  reverse  of  thoBq 
of  the  dwarf.  The  extremities  are  by  no  means  long.  Indeed  thejffl 
are  in  ever}'  particular  sliorter  in  relation  to  tlie  stature  than  they  are 
in  the  normal  Europe^an.  The  middle  point  of  the  body  is  an  inch^ 
above  the  symphysis,  and  it  is  interesting  to  observe  that  the  length? 
of  the  lower  extremities  is  greatly  dependent  upon  the  leg-bones,< 
which  exceed  their  proper  relative  proportions  to  the  thigh-bones 
and  tliat  in  like  manner  the  fore-arm  is  long  in  proportion  to  the  arm. 
In  other  w^ords,  the  tliighs  and  arms  have  not  grown  up  to  their 


1 


THE    HUMAN    FIGURE. 


103 


proper  Icngtli  cither  lo  relation  to  the  legs  and  arms  or  to  the  trunk; 
and,  if  these  proportions  obtain  in  giants  generally,  the  same  proceed 
of  reasoning  which  led  me  to  speak  of  dwarfs  as  rather  overgrown, 
though  undersized  itidi%aduab,  seems  to  warrant  the  conclusion  that 
giants  tliougli  oversized  are  rather  nndergrown. 

The  inferences  drawn  from  O' Bonne's  skeleton  are  confirmed  by 
the  measurements  of  several  other  giants  given  in  Tables  II.  and 
V,     These  were  made  since  the  above  was  first  written. 

It  appears  that  in  all  these  giants,  with  one  exception,  the  cra^ 
nium  is  small  in  proportion  to  the  rest  of  the  skeleton,  and  tliat  tlie 
spine  is  the  only  part  in  which  tlie  due  proportions  are  exceeded.  It 
may  be  objected  that  this  opens  a  source  of  fallacy  becaiise  measure- 
ments of  tlie  spine  are  less  to  be  relied  on  than  tliose  of  other  parts, 
in  consequence  of  artificial  intervertebral  substances  being  added 
when  the  skeleton  was  articulated,  and  there  woidd  be  a  temptation 
to  increase  the  height  of  a  giant's  skeleton  by  making  them  thicker 
than  they  ought  to  be.  I  could  not  perceive  tliat  this  had  been 
done  in  any  instance;  and  in  the  cases  where  the  height  of  the 
giant,  when  li^ang,  was  given  it  exceeded  that  of  the  articulated 
skeleton.       * 

Proportions  of  With  regard  to  the  differences  between  the  figure  of 
fenmiB.  jjj^jj  ^j^^  woman, — The  latter  is  smaller  in  most  of  its 

dimensions.  In  the  proportions  of  its  several  parts  it  presents  in 
some  respects  an  approach  to  the  infantile  tj^pe.  The  brain-case 
and  the  brain,  though  actually  smaller,  are,  relatively  to  the  rest  of 
the  body,  larger  than  in  man  ^  The  face  is  smaller.  Tlie  extremities 
are  shorter,  both  thigh  and  foot  being  proportionately  small.  The 
transverse  diameter  of  the  chest  is  less,  but  that  of  tlie  pel\ds  is 
greater.     Although,  therefore,   man   presents   in  some   respects  a 


»  Ciirue  fimis  the  size  of  womaii'B  braio  to  that  of  man'i  ia  m  44)  to  50.  Newer- 
theleaSj  the  size  of  woman'ii  brain  to  that  of  the  b<>dy  ifl  aa  i  :  35  ;  tliat  of  man's  l^iug 
as  I  I  37^,  The  brain  of  a  woman  weighed  46  oz.  6  dracbms,  aiid  the  spinal  cord  i  oz. 
6  drachma;  wheFoas  in  a  man  with  a  very  anmU  head  whose  brain  weighed  4T0Z. 
4  drachms  the  spinal  oord  weighed  stiU  1  02.  6drac]un<. 

The  Kkull  of  the  feouile  ii  said  to  be,  relaUveljr  to  the  rest  of  the  skeleton,  heavier 
than  that  of  the  male ;  the  proportion  in  tbo  former  being  ad  i  to  6,  and  in  the  latter 
as  I  to  8,     Jourdan's  Ettci/l,  A  nat,  11.  18. 
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wider  ilepartiire  from  the  brute  creation — as  in  his  greater  stature,  the 
width  of  his  chest,  and  the  length  of  his  thigh  and  arm;  yet  the 
balance  is  restored  and  the  attributes  of  the  human  fi^re  are 
presented  to  woman  by  the  large  proportionate  size  of  her  craniunj, 
the  small  proi>ortionate  size  of  her  feet  and  hands,  and  by  the 
width  of  her  pelvis. 

The  chief  results  of  all  these  details  are: — ^1.  That 
certain  tolerably  definite  proportions  Ijeti^^een  its  sevezal 
parta  are  uniformly  observed  in  the  construction  of  the   huniati 
frame.     2.  That  these  proportions  differ  in  a  regidar  and  distinct 
manner  from  the  proportions  of  the  nearest  allied  members  of  the 
animal  kingdom.     3.  That  the  proportions  of  the  inferior  races  of 
mankind,  in  their  differences  from  the  higher  ones,  present  some 
approach   to  the  animal  t}^e.      4.   That  in  the  progress  of  the 
development  and  growth  of  the  trunk  and  extremities  the  hiunan 
frame  passes  through  phasr^es  of  similarity  to  the  animal  and  the 
negro  type  on  its  way  to  the  European  or  perfect  standard.    5*  The 
remarkable  fact  lias  been  elicited  that,  in  some  of  those  persona 
who  are  of  unusually  low  stature,  these  specific  proportions,  if  I 
may  so  call  them,  are  rather  exceeded  in  the  extremitiesj  while  in 
those  of  excessively  high  stature  they  appear  to  be  scarcely  attained. 
It  will  perhaps  be  asked,  are  there  no  other  results?     Is  there 
nothing  furtherj  notliing  of  a  higher  character  to  follow  from  tkia 
sort  of  stiuly  of  the  human  frame?    Are  there  no  great  and  impor- 
tant laws  involved  in  all  this;  laws  having  relation  to  the  better 
part  of  man?    If  the  material  world  be  in  any  way,  as  has  been 
supposed,  an  expression  or  representative,  a  sort  of  cast  as  it  were, 
of  the  immaterial,  ought  wc  not,  in  the  contemplation  of  the  human 
form,  the  highest  and  noblest  work  in  creation,  which  is  so  essen- 
tially a  minister  of  the  spiritual,  to  be  able  to  penetrate  a  little 
beyond  tlie  husk  and  outward  fonn,  and  to  base  upon  that  outft^ard 
form  some,  at  least  obscure,  notion  of  the  nature  and  qualities  of 
man's  inward  essence?     It  has  been  attempted  at  various  periods 
in  the  history  of  ecience  and  in  various  ways  to  do  something  of 
the  kind.    The  efforts  have  been  made  chiefly  by  those  in  whom 
the  imaginative  liave  predominated  rather  tlian  the  inductive  facul- 
ties of  the  mind,  and  they  have  not  come  to  much  practical  result. 
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They  have  serred  only  to  convince  us  that  there  is  between  the 
itiaterial  and  immaterial  a  gap  which  no  jjower  of  human  reason  can 
bridge  over.  We  raay  observe  the  mode  in  which  the  human  frame, 
as  distinguished  from  that  of  animals,  is  fitted  to  carry  out  the  pur- 
poses of  an  intelligent  will ;  but  we  are  unable  to  go  further,  and 
can  discover  in  the  physical  construction  of  man  nothing  to  guide 
us  to  a  knowledge,  even  to  an  idea,  of  his  more  important  and  essen- 
tial peculiarities  and  of  the  high  destinies  that  are  associated  with 
them.  The  consciousness  of  this  makes  us  the  more  deeply  thank- 
fid  that,  for  all  needful  infonnation  on  these  j>oints,  which  are, 
after  all,  bj  far  the  most  important,  we  are  not  left  to  uncertain 
deductions  from  the  book  of  science,  but  are  able  to  rely  upon 
the  sure  w^ord  of  revelation. 

The  measurements  given  in  the  tables  appended  and  those  from 
which  the  averages  were  derived,  were  taken  by  myself  from  skele- 
tons or  separate  bones  contained  in  various  museums  in  England,  in 
Paris,  and  in  Germany,  except  that  of  the  Irish  giant,  for  which  I 
am  indebted  to  Mr  Butcher  of  Dublin.  In  Tables  IV,  V,  and  VI,  the 
several  measurements  given  in  1. 11.  and  III.  are,  for  convenience  of 
observation,  reduced  to  a  scale  of  proportion  to  100,  which  is  taken 
to  represent  the  height  of  the  skeleton  in  each  instance.  The  tables 
are  not  quite  perfect,  because  in  some  cases  the  skeletons  were  im- 
perfect; and  because  in  others  it  was  difficult  to  estimate  correctly 
the  length  of  the  spine,  foot,  and  liand,  in  consequence  of  the  manner 
in  which  the  bones  were  put  together.  Difficulties  were  also  often 
experienced  in  taking  the  measurements  of  the  bones  of  young  per- 
sons, owing  to  the  greater  or  less  flhrinking  of  the  cartilages  of  the 
epiphyses. 
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1 

^ 

1 

■ 

TABLE  YIL 

^^1 

MKASUKEMENTS  AT  DIFFERKKT  AQ^ 

^ 

a 

PdTin. 

1 

Mm^ 

'1 

1 

3 

^ 

^ 

h' 

^ 

1 

Il 

At  birth 

»9 

7 

IS 

35 

1.5 

3*» 

4*3 

3^5 

3.5 

t.3 

'3 

'  1 

^5 

8 

17s 

4.5 

3-3 

3 

5.5 

4.5 

3*5 

«.i 

3.1 

1 

Average 

19 

9 

18 

5 

4 

3*a 

7 

5.8 

3.7 

a.i 

3.« 

1 

17 

8.5 

t/7 

4.7 

3.6 

3^1 

6.1 

5-1 

3.6 

«♦« 

3.« 

r 

31 

10.5 

16.1 

5 

34 

3.3 

6,7 

5-3 

3.7 

t 

1.3 

I 

H. 

3^ 

«i*3  1 

ao.a 

67 

5.1 

4 

8.5 

7 

53 

3.3 

^•3 

■ 

4 

F» 

35^5 

11 

e8.i 

6.7 

4.5 

4 

?1 

7 

5 

1*5 
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■ 

35 

12 

18 

6.1  1 

5 

4^« 
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5 

«3 

«*3   1 
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34 
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19 

!l 
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8.5 

7 
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6.6 

49 
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The  folbwing  meafmrementii  are  given  by  M,  Sue  in  the  Mem&ira  de  VAmdimm 
Eo^e  ekii  SckmxSf  J  755,  Tome  U.  p,  574  : 
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THE  SPDfE 

is  the  most  distinguishing  and  important  p*art  of  the  skeleton  of 
a  large,  and  that  the  highest,  class  of  the  animal  kingdom'. 
It  preserves  its  chief  characteristics  in  ail  the  members  of  that 
claas.  In  each  of  the  Fishes,  the  Reptiles,  the  Birds  and  the 
Mammals,  it  is  composed  of  a  series  of  bones,  placed  one  above,  or 
in  front  of,  the  other,  called  mriehrm.  Hence  the  whole  of  these, 
the  highest  orders  of  animals,  are  included  under  the  name  verte- 
brate*. The  several  components  of  the  spine — the  vertebne — 
vary  greatly  in  their  number  in  different  animals,  even  in  meml>ers 
of  the  same  subdivision :  the  comparison  of  an  ophidian  (a  boa 
constrictor  for  instance)  with  a  chelonian  reptile  (a  turtle)  at  once 
ehows  this ;  and  the  number  in  each  have,  apparently,  no  relation 
to  the  other  organs  or  members  of  the  animal.  They  differ  also  in 
their  shape,  even  in  different  partA  of  the  same  spine.  What  can 
be  more  unlike  a  dorsal  vertebra  than  the  last  bone  of  the  coccyx  ? 
Nevertheless  they  present  certain  marked  characteristics,  which  are, 
with  few  exceptions,  constant  in  this  great  division  of  the  animal 
seriea.  Each  one  consists  of  a  short,  thick  mass  of  bone,  in  shajie, 
more  or  less,  approaching  to  a  cylinder,  which  is  connected  with  a 
similarly  shaped  bone  above  and  below  by  a  softer  interv^ertebral 
substance.  This  bony  ma»s  constitutes  a  fundamental  or  central 
portion — centrum — from  which  other  parts  seem  to  emanate  as  pro- 
cea^s".     The  processes  vary  in  number  in  the  different  vertebra. 


*  It  is  the  part  finit  formed  in  the  emliryo,  and  U  very  rarely  wantiug- ;  the 
iiwtAnces  in  which  it  has  been  so  being  those  of  the  moat  imperfect  moiiBteni.  (Otto's 
Path,  Anat.  by  South,  p.  194,) 

*  The  skeletons  of  invertebrate  animal  a  are  ooin|iofled  of  homy,  or  nhelly,  or  caJca- 
peouB  matter,  but  nevt?r  of  true  bone.  Wherever  in  the  animal  kingdom  true  bone 
exists^  the  aketeton  ia  arranged  in  yertebr^j  and  ban  an  intimate  retalion  to  the  nervous 
aystem, 

■  I  Bay,  seem  to  emanate,  bec&tme  the  other  componentii  of  the  vertebra  do  not,  tn 
reaiilyy  radiate  from  the  oentni;  in  some  instancea  they  are  formed  independently,  and 
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They  are  all  absent  in  the  lower  bones  of  the  coccjrx. 
centnim  is  constant  in  man,  and  nearly  so  in  other  animals. 
Even  the  atlas  has  ceased  to  be  coiL<iderccl  an  exception  to  the  rule, 
since  we  have  been  tanght  that  its  body  forms  the  odontoid  process 
of  the  dentata.  There  is  every  probability  that  each  of  the  centra 
corresponds  with,  and  is  developed  in  connexion  with,  oue  of  the 
primitive  central  ganglia  of  the  nervous  system ;  tliough^  as  growth 
proceeds,  their  topical  relation  to  one  another  may  be  altered.  This 
has  occurred  with  regard  to  nearly  all  the  vertebrae  of  the  human 
spine;  the  lumbar,  sacral,  and  coceygeal  centra  are  not  in  juxta- 
position witli  the  cord  at  all,  and  those  of  tlic  dorsal  and  lower 
cerWcal  portions  are  not  in  juxtaposition  with  the  same  segments 
of  the  cord  as  they  were  at  their  first  fonnatiou* 

These  centra,  wliieh  are  also  called  the  bodies  of 
of^tTcBieie-  ^^^  vertebrajj  w4th  the  inten^ertebral  substances  between 
J2^^^^*"  themj  are  arranged  in  a  row  in  the  axis  of  the  skeleton, 
forming  a  line  around  which  all  other  parts  are  arranged^ 
and  from  which  they  all  appear  to  radiate.  The  limbs,  no  less  than 
the  more  closely  connected  organs,  may  all  be  regarded  as  ap- 
pendages to  this  spinal  axis ;  and  the  attention  of  anatomists  lias 
been  long  and  closely  directed  to  the  study  of  the  relation  which 
the  various  pieces  of  the  skeleton  bear  to  the  different  segments  of 
the  spine  and  to  one  another.  Into  the  results  of  that  highly  inter- 
esting but  difficult  study  I  do  not  propose  now  to  enter,  but  pnxieed 
at  once  to  consider  the  mode  of 


DEVELOPM^rr  OF   THE  VERTEBRAL  COLUMN. 

The  first  indications  of  the  spine  are  eiven  by  t1 
Chord* dor-      apiJearance  of  the  "Chorda  dorsalis"  in  the  investing 
membrane  of  the  ovum.     It  has  a  gelatinous  appear- 
ance, consists  entirely  of  cells,  is  of  cylHdrical  fomij  and  lies  in  the 


^ 

4 


■oiix«  of  them^  Uie  '*arch€«"  or  "oetiral  proomBm,"  are  oBsified  Iseforc  tbe  "centnt.' 
Thoygb  tbe  fundwuental  and  Dioat  coMtant  pwi  of  a  vertebra,  the  centrum  is  not 
the  moat  certain  in  its  OMificatioi) ;  in  some  animal*  (the  Lepidoaren)  it  does  not 
b«eume  otttificd  at  all. 
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long  axis  of  tlie  enibryo.  Soon  it  V>ecomes  enclosed  in  a  membra^ 
nous  sheath,  wliich  assiiniea  a  fibrous  sh-uctiire ;  and  it  corresponds 
at  thisj  time  with  the  pennanent  condition  of  the  **  Lancelet'."  In 
this  niembranou3  sheath  the  cartilaginous  bodies  of  the  vertebras 
are  soon  formed,  while  the  chorda  doraalis  itaelf  gradually  shrinks 
and  disappears,  with  the  exception  of  the  portions  left  between  the 
vertebral  botlies,  whieh  are  converted  into  the  intervertebral  sub- 
Btances.  In  some  fishes  it  is  persistent,  being  continued  from  end 
to  end  of  the  column  through  the  centres  of  the  bodies  of  the  verte- 
bra, which  in  them  are  ring-shaped,  instead  of  being  solid  cylinders 
as  in  other  vertebrates. 

The  "chorda  dorsalis"  appears  first  in  the  germinal  membrane 
as  a  line;  by  the  elevation  of  the  membrane  on  either  side  the  line 
becomes  a  groove  with  the  chorda  dorsalis  at  the  Ixjttom:  gradually 
the  groove  becomes  deeper,  and  ner^'oua  elements — the  "neural 
lamina*" — are  developed  at  the  sides  and  bottom  of  the  groove j  and 
constitute  the  rudiments  of  the  spinal  cord.  The  outer  membranous 
sheatli  of  the  chorda  dorsalis,  which  is  in  the  middle  line  situated 
beneath  the  nerv'ous  structure,  is  prolonged  into  the  sides  of  the 
groove,  external  to  tlie  neural  laminae,  and  forms  the  rudimentary 
"vertebral  plates"  or  **  lamiuEe/'  These  two  structures — the  neural 
and  vertebral  lamiuEe — growing  up  together  from  either  side  of  the 
groove  and  bending  in  towards  the  middle  line,  coalesce  with  those 
of  the  opposite  side  so  as  to  form  a  nervous  tube  included  in  a 
vertebral  tube.  As  the  two  structures  grow  and  assume  their 
res(>eetive  characters  they  become  distinct,  and,  to  a  certain  extent, 
detached  or  separated  from  one  another.  The  separation  takes 
place  latest  in  the  part  of  tlie  canal  last  fonned ;  that  is,  along  the 
median  line  behind,  or,  more  properly,  above.  (These  processes 
are  partly  illuiitmted  by  the  diagrams  in  Plate  III.  figs.  1,  2,  3,  4.) 
FortoftUon  of  Thus  the  nervoufi  canal  and  the  vertebral  canal  are 

tiwTflrteinv.  formed  together.  In  about  a  month  the  rudiments  of 
the  individual  vertebrae  are  visible,  their  several  formation  being 
the  result  of  the  conversion  of  the  vertebral  laminae  into  cartilage 


*  Owen  a  Lecturtt  on  CoHtpanjUivc  Anatomvff  ii,  45* 
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at  certain  points  on  either  sitle,  and  in  front,  of  the  eanal  *.     Fig,  6, 
in  Plate  II L  is  a  drawing  of  tlie  spine  of  a  human  foetus  of  about j 
a  month.     The  median  white  line  is  the  spinal  cord.      The  broa 
oblong  white  spot^  or  streaks,  arranged  in  a  row  on  either  side, 
having  their  long  diameter  at  right  angles  to  the  cord,  I  clearly  ma 
out  to  be  the  rudimentary  vertebral  arches.     This  view  was  takea^ 
from  behind.     The  anterior  aspect  given  at  fig.  5  shows,  aloag  ihe 
median  line,  a  row  of  spots  (represented  dark,  though  in  the  speci- 
men they  had  a  transparent,  slightly  bluish  appearance,  ^th  dark 
lines  between  them).     These  are  the  nidimentary  bodies;  and  the 
arches  can  be  seen  on  either  side  approaching  to  meet  them.    Ead] 
vertebra  is  thus  formed  of  three  primitive  cartilagioous  portions;] 
one  in  the  situation  of  the  original  '*  chorda  dorsal  is"  for  its  bodjr,i 
and  one  on  either  side  for  the  arch.     In  caeli  of  these  cartilaginoua ' 


BESCRIFnON  OF  PLATE  III. 

Derelopmeni  of  tfie  Spine. 

FigB.  t,  l»  3,  4,  (fknn  Reichert,  Dxti  Enimehdnnffthhen  im  Wirheft^ier- Reich,  1840), 
are  diagmmniatic  representatiDnfl  of  traDareTse  iectiona  of  tho  ovum  of  a  frog  showing 
the  (levelopmeot  of  the  rudimentary  nervous  and  vertebral  gystemB*  Y  ia  the  yolk, 
/  the  invefltrng  membrane,  Ch,  the  chorda  dorsahSj  V  tho  vertebral  plates  with  their 
upward  and  downward  prolongatioDii;  the  latter  are  in  close  reUtion  with  N,  the  rudi- 
mentary nervoui  eentrea.  They  grow  up  together,  and  m  Fig.  3  have  ooTered  in  th^ 
neural  canal,  but  remain  united  at  the  uppermost  part.  lo  Fig.  4  they  are  mor« 
nearly  BopaTatedj  and  tha  nervoua  centres  are  separated  from  the  chorda  dorsalifl  by 
the  growth  of  the  vertebral  Inxiies  ftround  the  latter,  €  ia  the  cntaneona  syetem^  A 
the  deprenflion  in  the  yolk  beneath  the  genoinal  part. 

Fig.  5.     Spine  of  a  human  faDiua  mt,  &  month,  Hcen  from  the  front.     The  row  of  1 
dark  gpota  in  the  meclian  tine  represents  the  vertebral  bodies^  and  the  parallel  broad 
white  linea  on  cither  side  the  vertebral  arches. 

Fig.  6*     The  same  viewed  from  behind.      The  median  white  line  ia  the  nerTOU*  ' 
centre,  the  broad  Btreaka  on  either  aide  are  the  vertebral  nrches. 

Fig  7.  liongittidi&al  pection  through  apine  of  a  human  frctuR  set,  under  three 
montha,  ihowing  the  tqiuiv  oartila^uoUB  vertebral  bodiea  Heparat^tl  by  distinct  lines 
which  are  the  in  vertebral  apaccfl.  There  are  minute  specka  of  ossification  in  the  yerle* 
bral  bodies  of  the  doraum* 

Fig.  8,  Bock  view  of  the  same  fcetua ;  the  archea  have  nearly  or  quit©  coalesced 
in  the  dorsal  region j  are  still  separated  by  a  conaiderahle  interval  above  and  below  thai 
part. _^_^ ^^^ 


*  Rathka^  Ent^riclebtntjgf^tthithie  ffff  Natter,  Taf.  i.   fig.  3. 
fpkkdiMffdeien  in    WirfMltJiier-Jleich,  TaL  ill.  and  v. 


Reichert,  Dat  Ent- 
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elements  a  centre  of  ossification  appears  about  tlie  third  month  or 
earlier ;  those  in  the  arches  generally  preceding  those  in  the  bodies : 
though  they  do  not  invariably  do  so  at  every  part  of  the  column,  as 
is  proved  by  the  drawing  at  fig<  7,  which  represents  a  section  of  a 
human  foetus,  under  three  months,  where  there  were  faint  traces  of 
incipient  ossification,  in  the  form  of  minute  opaque  specks  in  the 
middle  of  t!ie  bodies  of  the  lower  dorsal  vertebra,  the  arches 
remaining  cartilaginous \  It  will  be  perceived  that  at  this  time 
the  cartilages  forming  the  bodies  of  the  vertebrae  are  well  formed, 
with  squared  edges,  and  the  intervertebral  spaces,  though  mere 
lines,  are  quite  distinct.  The  dorsal  view  of  the  same  fa?tus  given 
in  figure  8,  shows  that  tlie  vertebral  arches  have  reached  the  middle 
line  in  the  back,  becoming  quite  or  nearly  united  together;  whereas 
in  the  cen^ical,  lumbar,  and  sacral  regions,  there  is  a  considerable 
interspace  between  them.  The  last  vertebra  in  which  they  meet 
is  the  upper  sacral,  which,  it  may  be  remarked,  is  the  most  fre- 
quent seat  of  spina  bifida, 

8piii«*t8  ^ig«  1  i^  PI*  IV.  shows  the  ossification  in  a  much 

moDthi.  jj^^j.^  advanced  state.     It  represents  a  section   of  the 

spine  of  a  fa^tus  of  about  8  months.  In  the  middle  of  each  body, 
surrounded  entirely  by  cartilage,  is  a  lens-shaped  mass  of  bone, 
which  is  traversed,  from  behind  forwards,  near  the  middle,  by 


^  It  appearR  as  a  geneml  rule  that  the  vertebral  bodies  are  fonned  into  cartilage  at 
an  eju-lier  period  than  the  arches,  but  that  the  ossification  of  tht;  latter  preoedefi  that  of 
the  fcirmer.  Hildebrandt's  Anatomie^  ii.  i6i.  According  to  BcNcJard  (Meckel's 
Archivt  VK  40^/)  ossification  begins  in  the  arches  between  the  fortieth  and  forty-fifth 
day,  in  the  bodies  a  few  days  Jater;  in  the  former  cotntnencing  in  tbe  atka  and  travel- 
ling downwards;  in  the  latter  commencing  at  the  lower  part  of  the  back,  about  the 
ninth  or  tenth  dorsal  ^rertebne,  and  traTelling  np wards  and  downwards.  Thus  at 
three  months  the  nucleus  of  the  hist  dorsal  body  is  the  largest ;  at  the  fourth  month 
that  of  the  firet  Iniutkar  baa  outgrown  it ;  at  five  months  and  a  lialf  that  of  the  third 
lumbar  body,  and  at  birth  the  fourth  exceeds  the  others.  Tlie  same  anatomist  says, 
that  at  birth  the  upper  bix  dorsal  arches  are  united  behind;  that  a  year  after  birth  all 
the  arches  are  united  behind,  except  those  of  the  upper  two  cervical,  the  lower  lumbar, 
and  the  sacrum  ;  at  two  years  and  a  half  the  upper  sacral  arch  alone  remains  unclosed ; 
and  at  four  and  a  half  all  the  arches  have  eoaJesoedi  Ttie  arclt^  unite  together  before 
they  unite  with  the  bodies. 

The  commencement  of  ossification  in  the  lower  port  of  the  liack  in  the  human 
fiTitus  reminds  us  that  in  some  of  the  Inferior  animals,  when  full  grown^  the  vertebne 
of  this  r^on  equal  in  sisse  or  exceed  thcNse  of  the  loins. 
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canals  for  blcMxl-vesseU,  Sorae  of  tliese  are  seen  in  the  lamhar 
vertcbrce,  where  the  Rection  has  passed  through  them.  In  the  hack 
the  antcro-posterior  diameter  of  the  osseous  nucleus  is  mth^ 
greater,  and  the  upper  and  lower  surfaces  are  rather  flatter  than  m 
tlie  loinx,  where  the  nucleus  has  a  more  spherical  ehape.  In  the 
neck  the  shape  is  intermediate  between  tliat  in  the  loins  and  in  the 
back«  The  nucleus  for  the  odontoid  process  of  the  second  veftehra 
is  prolonged  a  little  towards  the  skidl.  In  other  respects  it  resem- 
Wes  tlie  nuclei  of  the  bodies  of  the  other  vextebrae.     At  present 


DESCmiTION  OF  PLATE  IV, 

Fig.  I .  Section,  from  before  backwrnrda  down  the  middle,  of  tlie  spine  of  a  fcstus  oC 
8  monthjn,  with  th(!)  side  of  the  biiae  of  the  skull  and  the  pelvis.  It  shows  the  shApes  of 
the  OBdific^l  portion B  of  the  bodies  At  tbat  time,  and  of  the  arches,  which  are  tipped  with 
cartiljige-  Th©  cnirve,  which  is  seen  in  the  dorwil  portion,  has  been  acquired  mnce  the 
«u«|K'n»ion  of  the  preparation  in  npirit*  A  i«  tho  fore  part  of  the  riog  of  the  ktlas,  B  the 
basilar  part  of  the  occipital  bi)ne,  C  the  ring  iTjrroiindin|f  fcbe  foramen  magnun),  D  the 
hinder  jjart  of  the  liody  of  the  sphenoid,  E  the  fore  part  of  the  body  of  the  sphenoid. 
ThcHC  throe  OMteoui  nuclei  for  the  occipital  and  (vphenoid  bcinc«  are  imbedded  io  square 
pieces  of  cmrtila^^  resembling  those  of  the  vertebne,  and  peparated  hj  linear  spaces 
roeembliiig  the  intervertobml  spaces,  Tlie  cartilage  of  the  fore  part  of  the  spbeootd 
is  continuous  with  F  the  cartilage  of  the  median  plate  of  the  lethmoid.  G  is  the  nasal 
bono,  //  the  vomer,  /  the  intermaxillary  bone,  A'  the  squamous  part  of  the  temponU 
hone,  L  the  vacancy  in  the  petrous  bone  between  M  the  superior  semicirctjlar  canal 
and  A''  the  internal  auditory  meatus.  0,  P,  Q,  are  the  osseous  centres  of  the  ilium, 
pubes,  and  ischium. 

Figs.  7,  3,  4,  5.  Transvefse  sections  through  (1)  a  cervical,  (3^  a  dorsal,  (4)  a 
lumbar,  and  (5)  a  aacral  vertebra  of  sn  eighl-inonth  fcrtui,  showing  the  reLatJoi» 
between  the  nuclei  of  the  arches  and  those  of  the  bodies.  Tliey  are  connected  by  the 
cartilage  in  which  they  are  imlnxlded.  A  one  side  of  tho  arch»  B  tts  hinder  carti- 
lagiDOUS  tip,  C  the  transverse  process  tipped  with  cartilage,  />  the  rib,  with  E  its 
OftrtUaglnoiis  terminal  portioOj  whieh  separates  it  froiu  the  body  and  transverse  process 
of  the  vertebra,  F  the  ala  of  the  ilium  with  0  its  cartilaginous  hinder  extremity,  JO 
tl,s  nucleua  in  the  ala  of  the  sacrum. 

Figs.  6,  7,  8.  The  osseoiiH  parts  of  {(*)  a  cervical,  (7)  a  dorsal,  and  (3)  a  lumbar 
vertebra  of  a  child  at  birth.  The  shapes  of  the  ceiitraJ  nuclei  foreshadow  the  future 
shapes  of  the  Wlies,  and  have  reference  to  the  future  curves  of  the  spine,  A  the 
arch,  C  the  transverse  process,  J)  the  pedicle  of  the  arch.  In  Fig,  6  the  arches  are 
placed  rather  further  from  the  centre  than  natural,  to  show  the  size  of  the  anterior 
txtrt'jniities  of  their  pedich'S  in  the  neck. 

Fig,  9,  A  vertical  section  from  side  to  iiidc  through  the  bodies  of  three  lumbar 
vertebnfe  hcfore  the  time  of  birth,  showing  the  osdoous  nuclei  imbedded  in  the  cartilage, 
and  perforated  by  a  large  irregular  channel  on  either  side  of  the  median  line. 
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the  shape  of  the  bodies  is  dependent  entirely  npon  the  cartOage 
in  which  each  osseous  nucleus  is  enibedded.  Between  the  several 
cartilages  are  linear  spaces— the  intervertebral  spaces.  These 
contain  at  their  middle  only  fluid,  or,  at  most,  a  delicate  areolar 
tissue,  which  is  enclosed  at  their  circiunference  by  dense,  fibrous 
structure,  binding  together  the  marginal  parts  of  the  cartllagea. 
The  osseous  nucleus  is  well  marked  in  the  iipi)er  three,  and  is 
perceptible  in  tlie  lower  two,  bones  of  the  sacrum.  It  has  not 
appeared  in  either  of  the  cartilages  of  the  coccyx. 

The  arches  are  osseous,  in  a  considerable  part  of  their  extent, 
all  the  way  down,  except  in  the  lower  part  of  the  sacrum.  In  the 
middle  line  they  are  all  cartilaginoiLS*  Each  arch  is  made  up  of 
two  lateral  portions— neural  processes  as  they  are  called*— which  in 
front  are  connected  with  the  sides  of  the  cartilage  of  the  centnim, 
and  behind  are  united  to  one  another  by  a  piece  of  cartilage,  into 
which  the  spinous  process  subsequently  grows  and  bears  one  or  two 
separate  nuclei  at  its  extremity.  From  each  of  the  lateral  portions 
project  the  two  articulating  processes  and  one  or  two  transverse 
processes.  The  former  have  not  usually  separate  centres  of  ossifi- 
cation. The  latter  are  at  present  cartilaginous ;  but  osseous  nuclei 
are  subsequently  developed  in  their  extremities.  Figs.  6,  7,  8  in 
PI,  IV,  show  the  shapes  of  the  arches,  and  the  osseous  nuclei  of  the 
bodies  from  difierent  parts  of  the  column  after  they  have  been 
dried  and  macerated.  The  nucleus  of  the  body  of  the  lumbar 
vertebra  (fig.  8)  is  large  and  elongated  transversely  into  an  ovoid 
form.  It  is  also  slightly  curved  with  the  convexity  in  front. 
That  of  tlie  dorsal  vertebra  is  flat  and  heart-shaped,  with  the 
apex  directed  forwards.  The  cervical  nucleus  presents  an  inter- 
mediate form.  Each  is  composed  of  a  thick,  dense,  upper  and 
lower  lamina,  with  a  cancellous  portion  between  them.  The  latter 
is  very  evident  in  front  causing  quite  a  deep  transverse  notch  in 
the  dried  bone:  it  is  also  conspicuous  behind  where  the  large 
vessels  enter. 

spiiwof  I^  Plate  V.  drawn  from  the  vertebral  column  of  a 

youDBcixiR  young  child,  the  osseous  nuclei  of  the  vertebral  bodies 
have  attained  considerable  size ;  but  each  still  consists  of  a  dense 
lamina  alx)ve  and  below,  with  a  more  cancellous  stnicture  in  the 
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middle.  They  are  imbedded  in  cartilage  which  partially  obscured 
them  and  separates  them  from  the  intervertebral  Bubstances  and 
from  the  anterior  extremities  of  the  arches.  The  latter  are 
advancing  to  meet  them  and  are  in  close  contact  with  them 
belund,  though  there  is  still  a  considerable  thickness  of  intervening 
cartilage  in  front.  The  transverse  processes  have  shot  out  to  a 
considerable  length.  They  are  continuous  with  the  arches  at  one 
end  and  have  cartilaginoii?  prolongations  at  the  other. 

The  hinder  view  of  the  same  preparation  shows  well  the  direc- 
tion of  the  several  neural  processes.  Those  in  the  cervical  region 
are  nearly  cylindrical  and  almost  horizontah  Their  approximated 
extremities  nearly  touch  one  another  in  the  middle  line,  and  nm  on  a 
little  way  together,  side  by  side,  so  that  a  slight  further  prolongation 
of  them  would  make  the  bifid  spinous  processes.  Each  one  is  tipped 
with  cartilage.  In  the  back  the  neural  processes  are  broader  and 
directed  more  obliquely  do^\Tiwards.  Their  upper  edges  approach 
one  another  in  the  median  line,  but  do  not  quite  touch ;  and  the 
angular  interval  between  their  extremitieB  is  occupied  by  a  lozenge- 
Bhapcd  piece  of  cartilage.  This  cartilage  is  continued  along  the 
inferior  border  of  the  neural  processes,  which  grow  by  deposition 


BESCRIPTION  OF  PLATE  V. 

Fig,  I .  Anterior  view  of  spine  of  n  nMM  eet.  about  nine  months.  The  aUju  hua 
been  removecL  It  iipp«air«  a»  though  there  wvtv  tbrcjo  nuclei  in  the  fore  part  of  the 
deni&ta,  vis,  onu  (A)  for  the  odontoid  process  on  either  eide^  and  one  {B}  m  the 
middle  line  for  the  lower  part  of  the  liody*  It  la  jxrobahle,  however,  that  the  two 
former  are  blondwl  behind,  the  nucleus  for  the  o<lontoid  bemg  commonly  single  a^t 
a  much  earlier  i>eriod^  if  not  from  the  first.  Tlw  nuclei  for  the  lx>die«  of  the  several 
Vfrtehr®  (B)  are  Htill  imbedded  in  cartilage,  and  are  aejMirated  by  it  from  the  neural 
lM»diolee  ((7).  The  anterior  wall  of  the  several  foramiim  in  the  cervical  transverse  pn>- 
cesses  {D)  are  cartilaginous,  except  that  of  the  seventh  {E)j  where  it  ia  formed  by  % 
separate  osaeoui  bar.  F  the  oaaeotui  nuclei  for  the  ak  of  the  first  sacrai  bone  ;  O  ditto 
of  the  second. 

Fig",  a.  Hinder  view  of  the  same,  showing  the  shape  and  direction  of  the  arches 
in  different  parte  of  the  column,  A  the  cartilaginoua  extremities  of  the  arches. 
In  the  nei:k  those  of  either  ukU  are  separate  j  in  the  hack  they  are  united  into  a  tri- 
auguhfcr  piece ;  and  in  the  luwer  jvart  of  the  Kick  and  loins  they  are  continuous  with  a 
rim  of  cjirtilago  upon  the  undtT  edgt-s  of  tite  Uiniiiie  of  the  arches.  At  the  up|ier  part 
of  the  sacTuni  the  unification  of  the  archcji  in  very  incomplete,  and  at  the  lower  pnrt 
the  art:he»  ajx-  HcarL-cly  fonued  at  all  even  in  cartilage. 
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on  the  lower  edge,  rather  than  on  tlie  upper,  where  there  is  no 
cartilage.  The  arches  are  tlius  contmually  deepened  from  below, 
and  overlap  those  beneatli  more  and  more*.  The  lumbar  neural 
processes  are  wider  than  those  in  the  back,  but  less  oblique,  their 
extremities  present  a  deeper  surface  to  one  another^  and  the  interval 
between  them  is  filled  up  by  square  plates  of  cartilage,  whiclf  pro- 
ject horizontally  backwards.  The  sacral  neural  processes  ore  still 
less  oblique  than  the  lumbar.  They  are  not  so  much  develoiJed  j 
the  upper  one  extending  not  much  more  than  half  way  towards  the 
middle  line;  the  second  and  third  reach  nearly  two-thirds  across; 
the  fourth  and  fifth  not  so  far.  They  are  united  by  narrow  bands 
of  cartilage  extending  transversely  between  them. 

There  are,  accordingly,  three  j^riWir^  osseous  nuclei 

in  eacli  vertebra^  which  appear  soon  after  the  first  month ; 

one  in  the  median  line,  in  front,  for  the  body ;  and  one 
on  cither  side,  more  behind,  for  each  lateral  portion  of  the  arch. 
The  latter  are  joined  to  one  another,  and  complete  the  bony  arch 
behind  at  about  a  year  after  birth ;  and  the  ypitious,  transverse  and 
articulating  processes  are  only  growths  from  them.  These  lateral 
portion3ji>r  arches,  are  not  united  to  tlic  nucleus  of  the  bodies  till 
the  age  of  four  or  five*.  To  these  three  primary  centres  are  super- 
added certain  secondary  *' epiphysial  *'  points  of  osaification  some 
time  after  puberty.  One  for  the  end  of  the  spinous  process  appears, 
a  little  before  the  others,  in  the  tip  of  the  cartilage  connected  with 
the  miited  extremities  of  the  neural  processes".   Near  the  extremity 
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1  In  Plato  TV,  Fig.  i,  the  Bection  bas  in  some  parta  gone  a  little  to  un<^  aide  of  tlie 
uK-dian  line,  a.nd  the  divided  iaminie  of  the  archea  are  tliere  eoon  to  consiit  of  lK>ne  in 
their  upptT^  and  cartilage  in  their  lower  parta. 

'  Hoaeniuulkf  ia  9aid  to  have  described  a  lateral  biEditj  of  tho  column,  owing  to  a 
want  of  unioji  of  the  lAtei^  poriion§  with  the  b4>dies  of  the  vertehne, 

'  Meckel  states  that  be  haa  never  been  able  to  find  a  aeparate  Ofisifying  i3uclt»us  for 
the  spinous  procesflea  of  the  human  vertebra,  except  in  the  instance  of  the  athwi, 
thoQgh  he  has  found  them  in  some  aninmls.  Cnvier  also  say^  that  the  spinous  process  ia, 
ill  man,  an  outgrowth  from  the  tinited  archee^  not  derived  from  a  separate  nucleus. 
ScemmeriDg  de&cnbe«  separate  nuclei  at  the  extremities  of  the  spinous  pnxiesftefl  In  the 
neck  and  loinit,  and  one  at  ^ich  point  of  the  bifid  ccr\ical  twines.  Fhuum  and  Albinns 
deecribe  two  nuclei  in  the  back  and  loiuft,  one  at  the  hase,  and  the  other  near  the 
extremity  of  tbc  spinous  process  ^Hildebratit'B  Jnatojm^,  II.  164).     8e|mrate  octaicies 


of  each  tran8%^er8e  prooesa  a  nucleus  appears  at  about  the  age  of  18. 
In  the  loins  these  are  eometiiiies  of  consideratle  aize,  and  remain 
for  a  few  years  separate,  resembling  the  hinder  ribs  of  the  crocodile. 
At  about  18  also  a  nucleus  appears  in  the  cartilaginous  laminae 
above  and  below  the  body  of  each  vertebra,  between  it  and  the 
inten^ertebral  sul»stance.  The  one  above  is  thicker  than  that 
beneath.  They  are  not  united  to  the  body  till  after  20.  They 
are  much  more  distinct  and  remain  separate  in  sonie  animals, — 
whales  for  instance.  The  protracted  separation  of  these  epiphyses 
of  the  vertebral  bodies  is  supposed  to  eervx  for  the  purpose  of 
affording  a  provision  for  the  lengthening  of  the  spinal  column, 
and  so  pemiittiug  the  growtli  of  the  trunk  to  take  place  till  a  late 
period*.  The  articulating  processes  have  no  independent  centres 
of  ossification,  with  the  exception  of  the  upper  ones  of  the  lumbar 
and  one  or  two  of  tlie  adjacent  dorsal  vertebrae,  in  which  the 
projections  corresponding  with  the  upper  tubercles  of  the  dorsal 
transverse  processes  (see  page  140)  are  sometimes  developed  &om 
separate  nuclei.  Beclard  speaks  of  these  articulating  processes 
as  if  they  were  prolonged  by  means  of  epiphysial  nuclei.  This 
I  have  not  found  to  l>e  the  case.  It  appear**,  therefore,  that  to  the 
3  primary  centres  of  ossification  5  additional  or  epiphysial  nuclei  are 
commonly  added,  making  the  proper  complement  in  each  vertebra 


Iw.v6  »]si>  been  found  by  Otto  {Seltme  Btohaehiungen,  §  ^oo,|  at  the  extremitiei  of  the 
Bpinoua  procesgea  of  tbe  seventb  cerv^ical  atid  aome  of  the  lumbar  reriebne :  whether 
these  were  iti*i©peti(k'tit  sesamoid  bones  or  tbe  unattached  nyclei  of  the  parts,  dt>€e  not 
appear.  In  a  apecimeD  in  the  museum  at  Pra^e,  1  found  the  separate  nuclei  at  the 
extremities  of  the  lumbar  and  dorsal  dpinoua  processes  quite  distinct.  They  were  not  no 
clear  id  the  neck,  though  I  judged  from  tlie  appearanou  that  there  was  a  nucleus  at  the 
extremity  of  each  u pi  no  us  tubercle.  Tliere  were  also  in  this  specinien  du^tinct  nucki 
for  the  extremities  of  the  doraal  and  lumbar  transirenie  proeessesi  and  for  the  upper 
tiiberolea  on  the  superior  articulating  processes  of  the  lumbar  vert«bnSf  but  not  for  the 
arttcuiating  prooesseA  themselves. 

*  Prof.  Limchka  (Virchow's  Arthiv,  rx.  311)  do«9  not  admit  the  existence  of  sepa- 
rate epiphysial  nuclei  aWve  and  below  the  bodies  of  the  vcrkbras ;  but  says  that  the 
body  is  onmplete*l  by  outjfrwwth  from  ita  one  primary  nucleus  into  the  cartilage  which 
forms  its  upper  and  lower  surface.  They  may  however  he  seen  distinctly  in  a  speci- 
men in  the  Cambridge  Museum,  and  are  found  in  many  animab;  in  some,  the  whale  for 
instance,  as  stated  abf»ve,  they  are  |wjnnanently  (separate  from  the  rest  of  the  body 
of  the  vertebra. 
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to  amount  to  8 ;  viz.  3  for  the  body^  2  for  the  arch,  1  upon  the 
spinoua  and  1  upon  each  transverse  process.  In  the  neck  there 
may  be  two  upon  the  spinous  process,  and  in  the  loins  there  may 
be  one  upon  each  upper  articulating  process. 

There  can  be  no  doubt  that,  as  a  rule,  the  primary 
nacJei  in  this  osseous  uucleus  of  the  Vertebral  body  is  single.  It  may 
T^bl*  be  seen  to  be  so  aa  soon  as  it  is  visible  to  the  naked  eye. 
I  have  examined  many  foetal  spines  with  great  care 
without  ever  finding  two  nuclei,  and  Meckel,  in  spite  of  diligent 
search,  could  never  find  more  than  one  nucleus  in  the  body  of 
each  vertebra.  Nevertheless  there  are  several  things  which  suggest 
that  in  the  complete  or  "tj^picaV  vertebra  two  nuclei  should  be 
allowed  to  this  part,  one  on  either  side  of  the  median  line.  For 
instance,  two  nuclei  are  said  to  exist  in  the  odontoid  part  of  the 
aads  and  in  eacb  division  of  the  sphenoid.  There  are  usually  two 
foramina  for  vessels,  one  on  either  side  of  the  middle  line  behind ; 
and  a  superficial  notch  or  longitudinal  groove  may  be  sometimes 
found  on  the  fore  part  of  the  vertebral  bodies.  Instances  are  re- 
lated by  Rokitaiisky  of  the  deficiency  of  one  half  of  a  vertebra, 
and  of  "  angidar  curvature  produced  by  the  12th  dorsal  vertebra 
consisting  of  two  divided  lateral  halves.''  An  interesting  example 
of  deficiency  of  the  left  half  of  the  11th  dorsal  vertebra  is  given 
by  Otto*;  and  a  still  more  remarkable  specimen  of  congenital 
malformation  in  the  neck  and  up{jeT  part  of  the  back  is  represented 
by  Sandifort*.  In  it  one  half  of  the  body  of  each  of  the  7th 
cen'ical,  the  9th  and  11th  dorsal  vertebrse,  is  absent,  the  remain- 
ing half  being  wedge-shaped.  In  some  of  the  bodies  lower  down 
there  are  two  distinct  nuclei,  one  on  either  side  of  the  middle  line. 
In  the  Museum  of  the  College  of  Surgeons  is  a  specimen  of  maU 
formed  foetus  with  the  lower  part  of  the  spine  cleft  in  twain,  each 
half  connected  with  a  side  of  the  pelvis  and  a  lower  extremity. 


^  Seltene  Beoftachtungnit  7tQ  Sammnlmig,  |  if,  Tn  tbe  iHh  dorsal  vertebra  the 
left  half  was  absent ;  the  right  biiJf  of  the  body  with  the  arch  and  procesae*  t»f  that 
&id«  were  natural^  except  that  the  former  waa  wedge -shapLHl,  and  the  spmouH  proc«aa 
had  l>eoome  fuit-d  with  the  left  aide  of  the  arch  of  the  i  ith  vertebra.  The  upine  ww 
bent  at  the  part.    In  other  respecta  the  skeleton  wae  natural. 

-  Tab.  cLXXVju.  6gH.  t  and  3. 
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The  bodies  appear  to  be  dividetl  iii  two,  but  thiB  cannot 
quite  clearly.  In  a  specimen  of  cervical  spina  bifida  in  the  museum 
at  Berlin,  I  found  several  vertebral  bodies  consiating  of  two 
halves^  with  an  opening  between  the  ti^'o,  through  which  a  com- 
munication was  established  with  the  space  in  front  of  tbe  column. 
In  another  specimen  there  was  a  similar  condition  of  the  vertebral 
bodies  in  the  back.  Another  instance  is  given  by  Albere,  (Atlas 
der  PatL  Anat.  Bonn,  1847).  So  that  there  is  suflScient  evidence 
of  the  occasional  development  of  the  vertebral  bodies  from  two 
nuclei  latemlly  dis^posed.  Muller^  Bays,  **  the  form  of  the  centre 
of  ossification  of  the  body  of  a  vertebra  is  bilobed,  only  in  the 
sacral  vertebrae  of  a  bird  have  I  ever  seen  it  in  the  form  of  two 
distinct  ossifying  points.'* 

The  amount  contributed  to  the  formation  of  the 
Bcveral  vertebra  by  the  central  and  lateral  portions 
re.Hpeetively,  differs  in  ditlerent  partes  of  the  cohmm. 
In  all  parts  the  anterior  pedicles  of  the  Intend  or 
portions  advance  forwards  beyond  the  intervertebral 
foramina,  and  assist  to  form  the  lateral  and  posterior  parts  of  the 
bodies.  Hence  the  bodies  are  derived  in  their  median  parts  only 
from  their  own  nuclei ;  their  lateral  portions  are  contributed  by  the 
osseous  nuclei  of  the  arcbea,  and  the  amount  so  contributed  in- 
creases as  we  trace  the  bones  upwards  from  the  lower  part  of  the 
column.  Thus  in  the  coccyx  and  sacrum  the  bodies  are  formed 
almost  entirely  from  the  central  nuclei.  In  the  lumbar  vertebrae 
the  lateral  and  hinder  parts  of  the  bodies  are  formed  from  the 
pedicles  of  the  arches.  In  the  back  the  pedicles  extend  as  far 
forwards  as  the  lieads  of  the  ribs,  these  being  entirely  supported 
by  them.  In  the  neck  the  middle  level  portion  of  each  body  is 
the  only  part  formed  from  its  own  nucleus;  the  sides,  which  are 
shifted  a  little  upwards,  so  as  to  overlap  those  above  and  be  over- 
lapped by  those  below,  are  derived  from  the  arclies,  (PI.  IV,  figs, 
2  to  8,  and  PL  VI.  figs.  2^  3,  4.)  In  the  axis  the  pedicles  advance 
on  either  side  nearly  half-way  to  the  middle  line  (PI,  VII.  fig,  5) ; 
and  in  the  atlas  the  prolonged  pedicles,  advancing  quite  in  front 
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*  Pkytlol(^,  by  Bftly,  p.  1613, 
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In  the  Neck. 


of  its  body  and  coiistitiiting  the  fore  part  of  its  arch,  are  united 
together  in  the  middle  line.    (PI.  YIIL) 

A  few  otlier  points  of  i>ecullarity  in  the  mode  of 
development  of  the  vertebrse  in  different  regions  re- 
main to  be  mentioned.  They  relate  more  particularly 
to  the  transverse  processes.  We  have  observed  (page, 
121)  that  these  are  merely  outgrowths  from  the  sides  of  the  archea, 
and  that  they  are  tipped  with  cartilage,  in  which  are  developed 
epiphysial  nuclei;  and  we  must  be  careful  to  bear  in  mind  the 
distinction  between  the  tmnsverse  procesises  themselves  and  their 
epiphysial  nuclei;  the  former  are  mere  projections  from  the  arch, 
the  latter  are  independent  osseous  centres.  In  the  neck  there  are 
t^vo  transverse  processes  on  either  side,  one  in  front 
of  the  other,  (PI.  IV.  figs.  2  and  6  C.)  One— tlie 
posterior — springs  from  the  neural  process,  where  its  pedicle  bends 
inward  from  its  articulating  jx>rtion.  The  other — the  anterior — 
springs  from  near  the  anterior  extremity  of  the  neural  pedicle. 
They  enclose  between  them  tlie  foramen  for  the  vertebral  artery, 
and  are  at  first  united  at  their  extremities,  or  near  their  extremities, 
by  cartilage,  which  subi^equently  becomes  ossified,  omng  to  an 
extension  of  ossification  into  it  from  the  processes,  witliout  there 
being  usually  any  separate  nucleus  K  Of  these  two  transverse 
processes  the  hinder  one  is,  the  more  developed  in  the  upper  three 
vertebrae;  in  the  4th,  5th  and  6th,  the  anterior  ones  become 
more  prominent.  In  the  7th  the  anterior  scarcely  projects  at  alU 
In  the  back  the  **  transverse  process''  corresponds 
with  and  springs  from  the  same  part  of  the  arch  as  the 
posterior  transverse  process  in  the  neck,  (PI.  IV,  figs.  3  and  7  C.) 
At  its  extremity  a  separate  osseous  nucleus  is  sujicraddcd,  from 
which  the  part  of  the  process  that  bears  the  articulating  facet 
for  the  rib  is  developed.  The  analogue  of  the  anterior  transverse 
process  of  the  neck  is,  however,  suppressed.  The  articulating  facet 
for  the  rib  upon  the  side  of  the  body — or  rather  upon  the  extremity 


In  Uie  B«ck* 


*  In  the  €roccMiile  there  b  a  aeparate  nudeuSj  from  wMch  the  extremitiea  of  iKith 
tranaverse  processes  and  the  iDteryeDing  outer  margin  of  the  foramen  are  formed. 


repre9i.*iitative, 
by  the  rib,  which  may  be  the   representative   of  its   epiphysial 
nucleus;  and  the  interval  between  the  neck  of  the  rib  and  tlie 
transverse  prooe«8  conrespondB,  or  nearly  corresponds,    with  the 
foramen  for  the  vertebral  artery. 

In  the  loins  there  is  no  trace  of  the  anterior  tran^^ 
verse  process.  The  posterior  transverse  process  (PL  IV. 
figs.  4  and  8  c)  retains  the  same  position  as  in  the  neck  and  back ; 
and,  as  if  to  make  amends  for  the  absence  of  any  anterior  trans*^H 
verse  process  or  any  rib,  it  bears  a  more  constant  and  larger  nucleiis^^^ 
in  the  cartilage  at  its  extremity.  This  occasionally  remains  sepa- 
rate and  exceeds  its  ordinary  dimensions,  forming  a  sort  of  super- 
numerary rib. 

In  the  sacrum  the  analogue  of  the  posterior  tTansverse 

In  tiie  Sftcrum,  .^^  , 

process  (PL  TV.  fig.  5  c)  occupies  nearly  the  same  rela- 
tive position  as  in  other  parts  of  the  colunm.  It  becomes  united 
with  those  of  the  other  component  vertebrse  of  this  bone  above  and 
below.  There  is  no  anterior  transverse  process.  But  in  each  of 
the  upper  two  bones  a  separate  nucleus  is  formed  on  either  side 
of  the  ala ;  and  this  seems  to  answer  to  the  epiphysial  nucleus 
of  the  anterior  transverse  process,  tliat  is  to  say,  to  a  rib,  (PL  IV» 
fig.  5h,  and  PL  V.  fig.  1  F,  0.)  In  the  lower  three  bones  of  the 
sacrum  there  is  no  such  representative  present.  The  ilium,  which 
overlaps  the  exterior  of  the  bone  (PL  IV.  fig,  5  f),  is  quite  a 
separate  structure ;  it  corresponds  with  the  scapula  of  the  upper 
extremity. 

tn  Tth  cervical  ^^  ^^^^  '^^  ccrv^ical  vcrtcbra  the  transverse  procesaeo 

vcrtebm,  indicate  an  intermediate  condition  betiveen  the  trans- 

verse processes  of  the  neck  and  those  of  the  back.  Tlie  hinder 
process  corresponds  with  those  above  and  below.  But  the  ante- 
rior one,  though  much  resembling  those  of  the  other  vertebrae 
of  the  neck,  and,  in  the  adult,  like  them,  forming  one  with  the 
rest  of  the  bone,  ia  developed  &om  a  separate  nucleus  (see  PL  V. 
fig.  1  e),  which  corre8]x>nds  with  the  head  and  neck  of  a  rib.  It 
appears,  according  to  Beclaxd,  at  about  the  third  month  of  foetal 
life,  and  unites  with  the  rest  of  the  vertebra  at  about  the  5th 
year.     It  does  not  always  form  the  anterior  wall  of  the  foramen  for 


I 


the  vertebral  veiii*,  Ijt^mg  sometimea  separated  from  it  hy  a  tliin 
lamina  of  bone,     (PL  VI.  fig,  1  D.)?, 

It  now  and  then  happens  that  this  nucleus,  remaining 
separate  from  its  vertebra,  shoota  beyond  its  ordinary 
dimensions,  runs  parallel,  or  nearly  so,  with  the  first  rib,  and  forms 
what  is  called  a  *'  supernumerary,*'  or  **  cervical  rib/*  It  does  not 
commonly  run  more  than  half  way  to  the  sternum.  Its  extremity 
may  either  remain  free^ — **  floating** — resembling  the  *' asternal'* 
ribs  of  birds,  or  it  may  be  joined  to  the  first  true  rib.  In  the 
preparation  represented  in  PL  VL  fig,  1,  which  I  took  from  a  young 
woman,  the  left  cervical  rib  is  floating,  the  right  is  swollen  out  at 
its  extremity  into  a  broad  uneven  surface,  which  was  united  by 
tibrous  tissue  to  an  outgrowth  from  the  upper  and  inner  surface  of 
the  first  true  rib.  It  will  be  observed  that  on  the  left  side  tlie 
cervical  rib  covers  in  the  foramen  for  the  vertebral  vein,  completing 
its  anterior  wall ;  whereas  on  the  right  side  it  is  separated  from  the 
foramen  by  a  distinct  lamina  of  bone,  which  is  tlie  diminutive 
correspondent  of  the  tru^  anterior  transverse  process  of  the  other 
cervical  vertebra,  that  is  to  say,  of  the  transverse  process,  w*hich  is 
an  outgrQwth  from  the  extremity  of  the  neural  pedicle*. 

„  ,     ^  The  lower  two  of  the  nine  cervical  vertebra?  of  tlie 

lura&Ilf  faa&d 

lo  the  ihree-      tlircc-tocd  slotli  usually  bear  ribs.     In  the  specimen  in 


the  Cambridge  Museum  they  are  connected  only  vnih. 
the  extremities  of  the  posterior  transverse  processes,  like  many  of 
the  ribs  in  the  crocodile,  and  like  those  which  are  occasionally 
found  upon  the  lumbar  transverse  processes  in  man. 


1  I  cftU  il  "for&tDcn  for  the  vertebral  r&n"  ihoa^  U  is  often  tmrened  by  neither 
Ibe  ajterj  nor  the  vein. 

*  The  presence  of  a  aepar&te  nucleus  at  this  part  b  not  alwaj§  confined  to  the 
lowest  cervical  vertebra.  Meckel  {Archive  I.  Taf.  VI.  Figs.  10^13)  fouDd,  in  a  child 
9S^,  9  months,  sep&mte  nuclei  for  the  fore  part  of  the  trans  verse  processes  of  tlie 
•eventhp  fiftli,  aijtth,  and  second  cen^cal  vertebne.  These  were  small,  and  did  not  in 
each  in  stance  form  part  of  the  foramen  for  the  vertebral  artery.  Blandin  \,Nouveaux 
Elimait  d^Amitomitj  h  37)  foiiod  these  "coetiform  epiphyses"  in  the  third,  fifth,  and 
sixth  cervical  vertebre  of  each  of  three  foetuses  at  the  third,  fourth^  and  fifth  months 
reapecttvely. 

'  Dr  Knox  has  described  several  examples  resembling  the  above  m  the  London 
Mtdiad  Gasettef  Vol  xixin. 
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We  cannot  fail  to  be  struck  by  the  curious  coinci- 

»iw»y»tnoTO-  <J^nce  wliieli  these  cervical  ribs  present  in  the  preter* 
TertJb^  '**'^'  natural  development  of  the  osseous  nuckua  in  which 
tliey  originate,  and  its  want  of  coalescence  with  the 
parent  vertebra,  Mlien  the  nucleus  retains  only  its  proper 
dimensions  it  acquires  a  bony  connexion  with  its  vertebra;  when 
it  exceeds  them  and  sprouts  into  a  rib,  it  invariably,  so  far  as 
I  know,  remains  separate,  I  have  not  met  with  or  read  of  an 
exception  to  this  rule  either  in  the  neck  or  in  the  loins.  It  pro- 
bably results  from  its  being  necessary  for  the  part  to  be  moveable 
wlien  it  exceeds  the  usual  size,  rather  than  from  any  general  law 
of  relation  in  a  nucleus  between  its  size  and  its  remaining  sepa- 
rate from  the  parent  bones;  such  relation  not  being  generally 
observ^able  in  other  parts  of  the  skeleton  of  man  or  animals. 

It  remains  to  consider  the  formation  of  the  upper- 
Formation  of  ^  ^  ^  ^  * 

two  upper  most  two  vcrtebr^,  which  differ  in  some  particulara 
from  those  beneath  them^  especially  in  the  very  remark- 
able point,  that  the  centrum  of  the  first  is  imited  with  that  of 
the  second  to  form  its  odontoid  process.  The  atlas  is  accordingly 
separate  from  this  elements  That  such  is  the  true  view  of  the 
case  is  rendered  quite  certain  by  the  fact^  that  in  some  reptiles 
(tortoises  and  perhaps  others)  the  odontoid  process  remains  separate 
from  the  axis,  and  retains,  accordingly,  nearly  the  same  relations  to 
the  atlas,  which  the  centra  do  to  their  respective  vertebrae  in  other 
parts  of  the  column. 


DESCRIPTION   OF   PLATE  VI. 

Fig.  1.  Bepreoentation  of  cenrical  ribs.  A  Trtknwrvne  process  of  seventh  cservi- 
cid  vertebra,  B  ditto  of  first  dotnaL  The  former  oti  the  right  Bule  i^  perforated  bj  a 
foramen  which  ia  eDcloscd  in  front  and  aepamt^d  from  the  rib  {€)  by  a  hunina  of 
bone  (D),  The  end  of  the  left  cervical  rib  is  free ;  that  of  the  right  reaiM  upon  m 
tubercuUtted  pfooew  {£},  vrhich  has  grown  up  from  the  first  doraaJ  rib  {F}, 

Fig.  1.  Cervical  vertebra  from  jv  young  subject,  sho^-ing  AA  the  lines  of  union 
between  the  lateriU  and  centml  portions. 

Fig.  3,  &  cervical,  and  Fig,  4,  a  dorsal  vertebra  from  a  young  rabbit.  A  A  the 
same  ae  in  Fig.  1. 
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The  arch  and  budv  of  the  axis  aeree  in  the  mode  of 
their  development  with  the  corresponding  parts  of  the 
vertebrae  beneath  it;  except  that  the  body  is  situate  on  rather 
a  lower  plane  with  regard  to  the  nenral  pedicleSj  which  advance 
somewhat  nearer  to  the  median  line,  and  curve  doT\iiwardB  at 
their  anterior  extremities  to  embrace  and  support  it  (PL  VII. 
fig,  5.)  These  prolonged  anterior  extremities  of  the  nenral  pedi- 
cles are  sometimes  developed  from  separate  nuclei  which  apjiear 


DESCRIPTION  OF  PLATE  VH. 

Fig.  I-  The  &xk  and  next  three  cervical  vertebiw  at  mliout  tbe  fifth  month,  or 
earlier,  with  tbe  fore  part  of  their  bodies  cut  away  bo  as  to  ahow  the  square  shape  of 
their  nuclei*  Those  of  the  ftxis  {A  and  B)  are  rather  larger  than  those  of  the  two  next 
below,  that  for  the  odontoid  process  {B\  being  the  largest.  It  is  also  slightly  bilobod ; 
but  eren  »t  ibis  early  period  it  b  single,     COCO  the  fore  pvta  of  the  traaflTcna 


^ 


Fig.  1,  The  upper  six  cervical  vertebrae  at  the  time  of  birth.  They  have  l>eeii 
treated  as  in  the  preceding  instance,  the  section  having  been  made  a  little  fiirther  back. 
The  bilobed  nucleus  of  the  axis  {A)  bears  a  piece  of  cartilage  upon  its  notched  sani- 
init.  Ita  relation  to  the  sides  of  the  atlas  {B)  is  seen  to  resemble  that  of  the  nuclei 
of  the  oiher  Tertebral  bodies  to  their  respective  lateral  portions, 

Hg,  3.  The  fore  part  of  the  axis  and  six  vertebne  betow  it^  from  a  young  child. 
The  odontoid  nucleus  is  separated  from  the  nucleus  of  the  body  by  a  line  of  cartilage. 
A  separate  nucleus  (i)  is  seen  betwoen  the  anterior  part  of  the  iirch  and  the  body  of  the 
axis  on  either  side.  B  the  cartilaginous  top  of  the  odontoid  proceas.  The  Une  of 
contact  of  the  arches  with  the  bodies  of  the  several  vertebne  is  well  seen. 

Fig.  4,  Front  view  of  the  second,  third,  fourth,  and  part  of  the  fiflh  cervical 
▼ertehrss,  in  a  rather  more  advanced  ^tage.  There  is  only  a  narrow  cartilaginous 
interval  {A)  near  the  middle,  between  the  odontoid  process  and  the  body  of  the  axis. 
The  arches  are  united  with  the  bodies  in  this  and  in  the  other  vertebrae*  There  is  a 
distinct  osseous  nucleus  (J)  in  the  top  of  the  cartilage  that  forms  the  uppermost  part 
of  the  odontoid  process.     (Drawn  froni  a  specimen  in  the  Museum  at  Berlin.) 

Fig,  5.  Axis,  in  an  earlier  stage  of  development  than  in  the  preceding  instance, 
inaoeimted  and  dried.  It  shows  the  forked  iiummit  of  the  odontoid  process  (which  in 
the  recent  state  is  occupied  by  cartilage),  the  Interval  between  the  odontoid  portion 
and  the  body  of  the  axis  in  the  middle,  and  the  line  of  union  of  the  odontoid  portion 
and  the  remamder  of  the  body  with  the  lateral  parts  of  the  vertebra. 

Fig.  6.  Section  of  an  adult  axis.  A  an  interval  in  the  middle  of  the  bone  between 
the  odontoid  portioii  and  the  rest  of  the  body,  like  that  between  the  component  por- 
tions of  the  sphenoid  bone  and  of  the  sacrum.  The  dense  portion  of  the  odontoid 
between  BO,  DE  is  the  part  between  the  articulating  facets  upon  ita  anterior  and  pos- 
terior surfaces.  The  more  cancellous  portion  above  B€  ts  the  part  produced  from  the 
separate  nucleus  represented  In  Fig.  4  at  S, 

Fig.  7,  Axis  from  a  young  rabbit,  shewing  a  separate  osseous  nucleus  in  the 
middle  Ens  between  the  odontoid  portion  and  the  rest  of  the  body  of  the  vertebra. 


130  ^^^™^  THE   SPINE, 

during  the  first  year,  and  are  joined  to  the  other  parts  in  the  third 
or  fourth  year.     (PL  VII.  fig.  3,)  ^     This  is  an  interesting  fact  in 
relation  to  the  development  of  the  corrcj^ponding  parts  of  the  atlas, 
itcodontoki  The   cartilage   in  which  the  body   of  the   axis   is 

^'***^  formed  is  prolonged  upwards  into  the  odontoid  process 

without  any  line  of  demarcation,  simihir  to  those  wliich  are 
found  in  the  cartilages  between  the  bodies  of  the  vertebrjB  lower 
down  (PI.  r\".  fig.  1),  and  which  are  indicative  of  intervertebral 
spaces.  At  about  the  fourth  month  a  nucleiis  appears  in  the 
base  of  the  odontoid  procesis.  It  is  bilobed  (PL  VIL  fig.  1), 
either  being  originally  made  so,  or  being  formed  from  two  nuclei, 
one  on  either  side  of  the  middle  line,  which  are  in  close  contact, 
and  which  coalesce  very  early.  It  becomes  dense  and  soon  grows 
upwards  in  the  middle,  acquiring  the  shape  of  a  cone  which  is 
deeply  cleft  from  before  backwards  at  the  summit  (fig.  2),  and 
which  is  surmounted  by  a  diamond-shaped  piece  of  cartilage  (figs. 
3  and  4).  It  is  supported  on  either  side  by  the  pedicles  of  the 
neural  arches,  and  becomes  united  with  them  about  the  fourth  or 
fifth  year;  a  cartilaginous  interval  still  remaining  between  it  and 
the  body  of  the  vertebra.  In  this  interval  a  separate  nuclena 
has  been  developed  in  the  axis  of  a  rabbit  represented  in  PL  VU. 
fig.  7.  This  nucleus  may  perhaps  be  thought  to  correspond 
with  one  or  more  of  the  epiphysial  laminae  of  the  other  verte- 
brce.  At  alxmt  puberty  the  inter\^al  is  obliterated  by  ossification 
of  the  fore  and  hinder  parts  of  the  cartilage  that  occupies  it  j  but  in 
the  middle  a  space  still  remains  (fig.  6)  resembling  the  interverte- 
bral spaces  seen  in  a  section  of  the  sacrum.  The  line  of  union  is 
also  often  indicated  nn  the  fore  part  by  a  transverse  ridge  extending 
between  the  articular  surfaces  on  either  side. 

Gradually  the  ossification  fills  up  the  cleft  at  the  top  of  the 
odontoid  nucleus  and  proceeds  into  the  cartilage  that  covers  it,  so 
tliat  about  puberty  tiie  wliole  is  converted  into  bone.  The  section 
of  the  fully  formed  bone  (PL  VII.  fig.  6)  shows  a  distinct  opaque 


i 


'  Meckel  also  deeoribw  tliw,  Sandbuch  der  Memchlichen  Amxiomxe^  n.  45,  wid 
ArtKw,  L  Tut  VI.  figi.  6—9;  and  Neabitt  b  «aid  to  hmire  olieerved  the  same  at  birth, 
Oattog.  B.  66. 
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harizontal  line  of  dense  osseous  structure  lying  betiveen  the  articu- 
lating surface  on  its  anterior  aspect  {BE)  lor  the  arch  of  the  atlas 
and  the  suiface  behind  [CD],  which  is  in  eontiict  with  the  trans- 
yeree  ligament.  This  denser  part  fomis  a  division  between  the 
more  cancellous  apex  and  the  rest  of  the  process ;  the  appearances 
are  sne^^jrestive  of  a  separate  epiphysial  nneleiis  at  the 

Xadetuftttiie  .  .  . 

mmmitof  snnimit,  corresponding  w4th  that  occasionally  ibund 
^^'""^^  below  the  odontoid  process  (fig.  7).  Thinking  it  highly 
probable  that  a  nucleus  is  sometimes  developed  at  the 
top  of  this  process,  thougli  it  lias  not  been  descriljcd  by  either  of  the 
many  careful  investigators  of  the  development  of  the  spine,  I  made 
frequent  search  for  it  j  but  without  success,  till  I  met  with  it  in  the 
specimen  represented  in  Ph  VIT.  fig.  4,  and  in  another  in  the 
Museum  at  Prague. 

Dsvviqptiient  ^^'^^  ^i\^^  is  composed  entirely  of  lateral  or  neural 

oftbAAOM.       portions  which  shoot  forwards  to  a  greater  extent  than 


DESCRIPTION  OF  PLATE  VIII. 

Fig.  I.  The  atlAS  at  birtK.  A  A  tlie  oastfied  kteral  portions  termirtAtmg  1>&hmd 
in  blunt  extreanities  {BB)^  which  are  tipped  with  cartilage  and  united  together  by  a 
fihrouB  band  extending  tranHvurHelj  between  them.  CC  the  anterior  extpemitica  of 
the  same,  extenrllng  &  little  m  front  of  the  superior  cartilnginoui  faoeta  ;  they  are  also 
united  by  a  fibrous  band.  The  extremities  of  the  tranavenae  prooesies  {DJ>)  art>  tipped 
with  cartilage ;  and  a  fibroas  hand  t'xt<?ndlng  from  tbem  to  the  fore  p*rt  of  the  ver- 
tebra encloses  the  foramen  in  front. 

Fig.  3.  Atlas  from  a  child  mL  4.  There  are  two  osseous  nuclei  of  unequal  size  in 
the  fore  part  of  the  arch,  uniteil  together  in  the  median  hue  by  cartilage,  and  united 
to  the  lateral  parts  of  the  rertebraalso  by  cartilage,  llie  arch  behind  is  interrupted 
ID  its  midiile  by  a  thin  phite  of  cartilage  which  constitutes  the  bond  of  uoion  of  itA 
lateral  portions.  Viewed  from  behind,  the  spefimeti  ehowed,  at  and  near  the  junction 
of  the  UminiPj  %  depression  which  was  occupied  by  cartilage  fonning  a  rudimentary 
spinoufi  proceas.     The  extremitiefl  of  the  trans  reuse  proccsa^H  are  cartilaginous. 

Fig.  3.  Atlas  from  a  child  set,  5,  The  anterior  part  of  the  arch  is  formed  of  one 
piece,  which  is  united  to  the  lateral  portions,  close  to  the  articular  facete^  by  a  plate  of 
oartOage  on  either  side.  There  is  a  prominence  in  the  median  liue  forming  the  anterior 
tuberole.  Behind,  the  lateral  portions  are  united  by  bone ;  but  there  is  a  depresaion  on 
the  posterior  surface  occupied,  as  in  the  former  specimen,  by  cartilage.  The  tips  of  the 
transYerse  process^  are  cartilaginotia. 

Fig.  4.  Atlas  from  a  youth  ®t.  about  1 7.  There  i«  a  fiflflure  in  the  median  lino 
in  front  which  was  occupied  hy  wutQage.  The  posterior  arch  ia  complete.  Tlie  spinous 
prooen  is  slightly  bifid  and  entirely  oBseoua.  The  transverse  procej!so<i  have  alflo  at* 
tained  their  full  size  and  structure, 
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the  corresponding  parta  of  any  other  vertebra,  and  which,  either 
directly,  or  by  means  of  epiphysial  nuclei  deYelo|>cd  in  connection 
with  their  anterior  extremities,  meet  in  the  median  line,  and  form 
the  anterior  part  of  the  ring.  The  centrum  h  detached  and  placed 
behind  them,  fonning  the  odontoid  process  of  the  axis.  Ossification 
commences  in  the  slides  of  the  atlas  near  its  articulating  surfaces  at 
an  early  period;  earlier,  it  woidd  seem  from  Beclard's  observations, 
than  at  any  other  part  of  the  column ;  it  shoots  backwards,  and 
at  birth  the  arches,  which  form  the  hinder  part  of  the  ring  of  the 
bone,  are  osscons  in  rather  more  than  two-thirds  of  their  extent. 
They  are  of  cylindriciil  shape  and  terminate  abruptly  in  thick  ends, 
which  are  united  to  one  another  by  a  band  of  fibrous  tissue  Mid 
cartilage  extending  transversely  between  them  (PI.  ^^II.  fig,  1, 
Jp,  E).  Usually  ossification  extends  from  thera  till  they  meet  in  the 
median  line  (as  represented  in  fig.  2).  I  foimd  them  firmly  united 
together  at  the  age  of  5  (fig,  3).  Occasionally,  however,  a  small 
separate  nucleus  is  developed  in  the  cartilage  at  the  point  of  their 
junction  \ 

The  jvre  part  of  the  ring  of  the  atlas  consists  at  birth  of  a 
fibrous  band  extending  between  the  cartilaginous  anterior  extremi- 
ties of  the  neural  processes,  which  project  very  little  in  front  of  the 
facets  for  the  condyles  (fig.  1).  These  anterior  prolongations  of  the 
neural  processes  may  gradually  grow  on,  as  do  the  posterior,  till 
they  meet  in  the  middle  line ;  where  they  become  united,  first  by 
cartilage,  subsequently  by  bone  (PL  VIII.  fig.  4).  In  some  cases 
an  osseous  nucleus  is  developed  in  tlie  uniting  cartilaginous  medium, 
on  either  aide  of  the  middle  line  (PL  VIII.  fig.  2).  These  nuclei 
joined  together  may  form  a  central  portion,  which  becomes  united 
to  the  lateral  parts  a  little  in  front  of  the  articulating  surfiices 
(PL  VIII,  fig.  3) ;  or  a  nucleus  may  be  formed  in  the  middle  line 
and  extend  laterally  till  it  encounters  the  lateral  portions  at  the 
same  point;  or  there  may  be  a  central  nucleus  and  a  distinct 
nucleus  in  the  cartilage  on  either  side  of  it.  The  period  at  which 
these  nuclei  are  united  with  one  another  and  w4th  the  lateral  por- 
tions varies  J  commonly  it  is  before  12.    In  a  lad,  a;t.  12,  I  could 
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find  no  line  of  separation  between  the  several  parts;  indeed  the  osai* 
fication  of  the  atlaa  was  quite  completed.  In  another,  aet.  7,  the 
line  of  separation  was  obliterated  on  one  side,  though  easily  seen 
on  the  other.  In  the  Miis^e  Orfila  is  an  adult  atlas  with  the  fore 
part  of  the  arch  still  separate  from  the  sides  of  the  hone;  in  fig.  4 
is  represented,  a  fissure  in  the  middle  of  tlie  anterior  arch  at  the 
age  of  17;  and  in  Guy's  Museum  is  a  specimen  of  an  adult  atlag 
in  which  union  has  entirely  failed  both  before  and  behind,  so 
that  the  vertebra  remains  divided  into  its  two  primitive  lateral 
portions  ^ 

The  transverse  processes  resemble  those  of  tlie  other  cervical 
vertebrse.  At  birth  the  hinder  one  has  grown  out  to  a  considerable 
distance  from  the  neural  arch  (PI.  VIII.  fig.  1).  It  is  tipped  ^vith 
cartilage ;  and  the  anterior  process  is  represented  by  a  fibrous  or 
cartilaginous  band  extending  from  this  cartilaginous  summit  to  the 
articulating  portion.  Gradually  ossification  extends  into  the  band; 
and  at  the  age  of  4  or  5  it  has  reached  the  same  level  as  in  the 
hinder  process.  The  two  are  then  united  by  an  interposed  piece 
of  cartilage,  which  is  subsequently  converted  into  bone  by  a 
further  extension  of  the  ossification.  Sometimes  the  ossification 
of  the  anterior  process  is  incomplete,  and  the  foramen  remains  open 
in  &ont. 


Beclard  gives  the  following  relative  measurements  of 
the  vertebral  column  at  different  periods  of  foetal  life. 
At  three  weeks  it  is  to  the  whole  body  as  3  ;  4;  at 
from  30th  to  35th  day  as  3  ;  5;  at  from  40th  to  45th 
day  as  1  :  2 ;  at  4  months  and  a  half  as  4  ;  9 ;  at  6  months  as 


BcIaUto  pro- 
portlonsof 
vptne  vary 
with  growth. 


1  BlAndin  {?*^ottpeattx  EUmens  d'Anatomiej  1838,  i,  p.  39)  suggests  that  the  odontoid 
of  the  axis  Ls  the  body  of  the  atlas,  and  that  the  imterior  arch  of  the  Utter, 
deyeloped  from  two  points,  is  the  reprt^tfentative  of  the  marginal  epiphynes  of  iti 
body.  I  think,  however,  that  the  mode  of  development  of  this  anterior  arch  wid 
ft  companBon  with  the  vertehriB  below  clearly  nhow  that  it  is,  as  stated  in  tbe  text, 
formed  by  an  extension  of  the  fore  part  of  the  kt^^ral  or  netual  portaoiuif  which  ii 
e^Msled  ID  ioxne  instanoefl  through  the  medium  of  epiphysial  nnctei,  and  in  otben  hy 
Hm  oontiDued  growth  of  the  lateral  pariB  themselves  without  any  such  epiphytiaJ  aids. 
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5  :  12;  at  7^  montlis  a»  6^  :  15;  at  the  full  time  as  7f  ;  18.  The 
relative  proportioRS  at  ditlcrexit  perioda  after  birth  are  given  in  the 
Table  at  page  110. 

In  the  early  periodB  of  ftetal  life  the  size  of  the  colunm  la 
greatest  near  the  middle  of  the  back,  where  o^ificatioD  of  the 
bodies  is  observed  first  to  take  place.  In  this  respect  it  resembles 
the  jierraanent  condition  of  the  spine  of  many  quadrupeds.  As 
development  and  ^oi^^th  jjroceed,  the  limibar  vertebrae  gradually 
obtain  the  predominance  required  to  enable  them  to  bear  the  weight 
that  is  imposed  ujwn  them.  While  the  child  is  within  tlie  uterus 
the  spine  is  bent  a  little  forwards,  and  there  is  then  no  other  curve. 
Nevertheless,  the  shapes  of  the  osseons  nuclei  represented  in  PL 
IV.  (figs.  6,  7,  8)  indicate  that  prepiuratiou  is  already  being  made 
for  those  flexures  which  exist  in  the  adult,  and  which  begin  to  be 
formed  soon  after  birth. 

Mention  has  already  IxH^n  made  of  the  intimate  re- 
thoTftTti-bm  lation  which  exists  betw^een  the  vertebral  column  and 
the  included  spinal  cord.  We  liave  seen  the  two,  in 
proce^  of  formation^  developed  and  growing  together  in  the  dorsal 
groove  of  the  embryo ;  bitli  being,  iit  firKt,  of  the  same  length,  and 
combining  to  inclose  the  same  canal  which  traverses  them  from  end 
to  end.  I  have  also  alluded  to  the  probabilit}-  that  each  vertebm 
corresponds  to  one  of  the  primitive  ganglia  which  make  up  the 
spinal  cord.  Sul^scqucntly,  however,  the  relations  of  the  two  become 
altered  by  the  grow^li  of  the  column  exceeding  that  of  the  cord, 
partly  in  consequence  of  the  latter  undergoing  a  process  of  concen- 
tration, which  is  most  marked  about  the  regions  of  the  attachment 
of  tlie  l>rachial  and  lumbar  plexuses  of  nerves,  more  particularly  of 
the  latter,  that  is,  at  the  lowermost  portion  of  the  cord.  At  the 
third  month  of  intra-uterine  life  the  spinal  cord  reaches  as  low  as 
the  last  l)one  of  the  sacnun,  if  not  to  tlie  coccyx.  In  the  adult  it 
extends  only  to  the  second  lumbar  vertebra  at  the  furthest.  It  has 
been  stated  by  some  observers  that,  at  the  former  period,  the  coccyx 
consists  of  seven  portions,  the  nimiber  being  subsequently  reduced 
to  four  or  five ;  and  that  if  anything  occurs  to  interfere  with  the 
ascent  of  the  cord,  the  diminution  in  the  number  of  the  coccygeal 
bones  does  not  take  place,  and  the  child  is  bom  with  a  tail.     That 
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thia  is  not  a  necessary  sequence  is  proved  by  casea  of  spina  bifida, 
in  which,  although  the  ascent  of  the  cord  is  prevented,  the  coccyx 
does  not  present  anything  imiisua!.  In  the  lower  animals  there  is 
a  direct  proportion  between  the  length  of  the  cord  and  that  of 
the  tail. 

The  alteration  in  the  relative  position  of  the  several 
Tirtrtroto  parts  of  the  cord  with  regard  to  the  vertebrae  makes  no 
diflerence  in  the  relation  between  the  nerves  and  the  ver- 
tebrte.  Each  intcriJipace  between  the  several  vertebrae  along  the  whole 
length  of  the  column  transmits  a  pair  of  nerves,  the  ganglia  of  which 
lie  either  in  the  intervertebral  foramina  or  just  within  side  them. 
From  the  intervertebral  foramina  the  nerves  ascend  in  their  course 
to  the  cord  with  a  degree  of  obliquity  increasing  from  the  first  or 
uppermost  to  the  last.  The  point  at  which  each  nerve  enters  the 
cord  indicates  the  point  of  the  latter  ivhich  was  originally  opposite 
to  the  foramen  from  which  the  nerv^e  proceeded,  and  the  distance 
between  that  point  and  the  foramen  is  the  measiu*e  of  the  ascent  of 
that  re^on  of  the  cord.  In  consequence  of  the  constancy  of  this 
relation  between  the  vertebrae  and  the  roots  of  the  nerves,  a  vertebra 
has  been  defined  to  be  a  bone,  or  axial  segment  of  the  skeleton, 
included  between  two  pairs  of  nerves;  and  it  was  considered  tliat 
the  observation  of  the  points  at  which  the  nerves  traverse  the  bony 
envelopes  of  the  cerebro-spinal  system  woidd  fiimish  a  ready  guide 
to  di3tinguj*^h  the  several  vertebrae.  As  a  general  rule  it  does  so : 
thougli  there  are  some  few  exceptions ;  thus  in  some  fishes  and  in 
some  animals,  e.  g,  the  buifalo,  the  nerves  do  not  pass  between  the 
vertebrae^  but  through  them,  perforating  the  neural  pedicles;  and  in 
the  skull  some  of  the  nerves  perforate  the  pedicles  of  the  cranial 
vertebrae,  while  others  pass  between  them^  which  has  contributed 
not  a  little  to  the  difficulty  of  deciding  on  the  number  of  the  com- 
ponent vertebra?  of  this  part  of  the  skeletonj  and  of  grouping  the 
several  bones  with  reference  to  them. 
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Tlie  number  of  vertebrje  in  the  spinal  column — viz. 
7  in  the  neck,  12  in  the  back,  5  in  the  loins,  5  in  the 
sacrum,  and  4  or  5  in  the  coccyx — ia  remarkably  constant.  Occa- 
Bionally  there  are  13  dorsal,  or  7  lumbar;  there  may  be  also  a 
eupcmunierarj  vertebra  in  tlie  sacnim  or  coccyx,  but  I  am  not 
aware  that  the  regular  numlx^r  in  the  neck  has  been  known  to  be 
exceeded.  WTien  there  is  a  deficiency  in  either  region,  it  ia  not 
uncommonly  supplied  by  an  excels  in  one  of  the  others.  Thus,  if 
there  are  only  4  lumbar  vertebrse,  it  is  UBually  found  that  there 
are  6  in  the  sacrum  or  l**?  in  the  back.  It  is  singular  that  tbe 
number  of  cer\ncal  vertebra  should  be  so  uniform  througliout  the 
mammalian  classes,  although  there  are  great  varieties  in  the  length 
of  the  neck.  The  only  known  exceptions  to  the  number  7,  are  pre- 
sented by  the  three-toed  sloth,  wliich  has  9,  and  by  the  sea-cow, 
which  has  6.  In  other  cetaceans,  although  the  neck  is  very  short 
and  the  bones  are  often  more  or  less  united  together,  the  regular 
number  ciin  be  discerned.  In  the  other  regions  of  the  spine  the 
number  varies  a  good  deal  in  diSerent  animals,  without  having 


DESCRIPTION  OF  PLATE  IX. 
St€iitMt  of  adult  tteriebrtEf  §howing  the  thapt  and  ttrudure  of  their  hodiet. 

Fig.  r.     Vertical  aection  from  Wfore  biickwAtxla  of  the  4th  cervical  TertdbnL 

Fig.  3.  Ditto  of  4th  domal  verti'brii,  A  brbtle  b&s  been  passed  from  the  medl&Q 
tbroiigb  one  of  the  lateml  va^ieuliir  canak,  proving  the  commuiucatioti  between  them. 

Fig,  3.     Ditto  of  5th  lumbar  vertcbrah 

Fig.  4.  HoriMntal  section  of  4th  cervical  vertebm.  It  ia  more  canoelloua  at  tho 
middle  aiid  cloae  to  tbo  Bides  than  elsewhere. 

Fig.  5,     Ditto  of  4th  dorsal  vertebra. 

Fig.  6,  Ditto  of  5th  lumbar  vertebra,  A  channel  is  seen,  on  either  side  of  tba 
middle  bne,  passing  from  the  vertebral  canal  to  the  middle  of  the  vertebral  body,  where 
the  two  unite.  A  chaDTtt^l  also  passes  from  either  side  towards  this  middle  point.  Hie 
cancelH  are  larger  in  the  vicinity  of  these  sevenkl  chaDoels  than  daewhere. 

Fig.  7«  Vertical  section  from  side  to  side  through  the  body  of  the  4th  cervical 
vertebra. 

Fig.  S.     Ditto  of  the  4th  dorsal  vertebra. 

Fig.  9.     Ditto  of  the  5tb  lumbar  vertebra. 
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any  ol>viouB  reference  to  the  size  of  the  adjacent  organs  or  of  the 
limbs. 

The  bodies  of  the  vertebrsB  are  composed  of  venr 

Bodies  of  the         ^  ,         . 

TCrtebr*-mwir  light,  spongy  stmc-tiire»  which  is  surroimded  hj  a  thin 
wall  of  moderately  compact  tissue;  I  say  moderately 
compact,  for  it  is  perforated  by  so  many  large  and  small  holes  that 
it  presents  a  spongy  appearance  in  comparison  with  the  exterior  of 
moat  other  bones.  The  cancelli  increase  in  size  towards  the  middle 
of  each  vertebra,  where  there  is  a  sort  of  irregularly  shaped  cavity 
or  canal  (or  two  canals,  one  on  either  side  the  middle  line)  travers- 
ing the  bone,  more  or  less  completelyj  from  behind  forwards,  simu- 
lating the  medulh^ry  canals  of  the  long  bones,  and  transmitting  an 
arter}'  and  large  vein,  or  more  commonly  trv^o  arteries  and  two 
large  veins,  which  enter  through  a  single  or  double  foramen  from 
the  vertebral  canal.  Two  other  considerable  channels  for  vessels 
pass  through  foramina  on  the  exterior,  one  on  either  side,  at  a 
variable  distance  from  the  middle  line.  They  run  towards  the 
centre  of  the  bone,  and  communicate  more  or  less  directly  with 
the  channels  which  run  backwards  to  the  vertebral  canaL  They  do 
not,  however,  always  lie  on  the  same  level  with  them  or  with  one 
another,  and  are  not,  therefore,  in  each  instance,  exposed  together 
in  one  horizontal  section.  The  cancelli  are  occupied  by  vascular 
areolar  tissue,  in  the  meshes  of  which  is  an  albuminous  fluid  with 
but  little  oily  matter.  Hence  these  bones  are  easily  cleaned  by 
maceration.  The  central  most  cancellous  part  is  the  spot  at  which 
ossification  commenced  (PI.  Ill,  fig.  7).  At  first  it  was  solid,  but 
was  very  early  reduced  to  a  spongy  state*  Each  of  the  vertebral 
bodies  may  be  observed  in  PI.  IX.  to  present  a  verj^  spongy  struc- 
ture on  either  side,  near  the  part  where  the  lateral  vessels  just  men- 
tioned enter  and  are  distributed,  as  well  as  at  the  middle.  The  chief 
direction  of  their  cancelli  is  vertical ;  in  some  parts  it  is  more  hori- 
zontal, as  near  the  lower  surface  of  the  last  lumbar  vertebra  (fig.  3), 
The  cells  of  the  cancellated  tissue  are  wider  in  proportion  as  the 
bodies  of  the  vertebras  are  large.  Tlius  in  the  neck  they  are  small, 
their  septa  are  thick,  and  the  bone  is  consequently  dense;  in  the  back 
they  are  larger,  the  septa  are  thinner,  and  the  bone  is  consequently 
more  spongj';  in  the  loins  they  are  still  larger,  the  septa  are  still 
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neural  pedicles  run  straight  backwards  from  the  bodies;  whereas, 
io  the  neck,  they  are  directed  at  fii^t  outw  ards,  giving  a  greater  ^J 
apparent  width  to  the  bodies,  and  a  greater  width  to  the  vertebral  ^H 
canal  at  this  part.     In  the  last  lumbar  vertebra  their  dimction 
and  the    shape  of  the  vertebral   canal   more   resemble   those  in 
the  neck.     (PL  IX.  figs.  4,  5,  6,  and  PL  X-  figs,  4  to  8.) 
ifttigrtae  ^^  trafuwerm  procBm^  are   nearly  in  the  same 

■'"■■"'  horizontal  plane  with  the  pedicles.  Hence  those  of  the 
tipper  dorsal  vertebrae  are  on  a  le%'el  with  the  inten'ertebral  spaces; 
and  the  ribs,  passing  fi*om  the  inter\*ertebral  spaces  directly  out- 
wartls  to  them,  are  articulated  with  their  ^/&re  parts  (PL  X.  fig.  2), 
Lower  down  in  the  back  the  transverse  processes  are  a  little  below 
the  level  of  the  intervertebral  spaces;  accordingly  the  ribs  de- 
scend a  little  obliquely  to  them,  and  are  articulated  more  with  their 
upper  surfaces.  Hence  the  part  of  the  back  to  which  a  given 
dorsal  vertebra  belongs  may  be  pretty  accurately  kno^vn  by  the 
position  of  the  articulating  facet  upon  its  transverse  process. 

In  the  upper  three  lumbar  vertebra?  these  processes  run  straight 
outwards;  in  the  lower  two  lumbar,  and  in  most  of  the  dorsal  ver- 
tebras, they  sLant  a  little  upwards*;  in  the  neck  they  are  inclined 
Tather  doiftTiwards.  As  a  general  rule,  in  animalsj  the  lumbar 
transverse  processes,  which  in  some,  as  the  hare,  are  very  long, 
slant  forwards,  that  is,  in  a  direction  opposite  to  the  slant  of  the 
ribs.  In  the  dorsal  region  the  transverse  processes  in  man  slant 
backwards  as  well  as  upwards.  This  is  to  permit  that  backward 
curve  of  the  ribs  which  gives  depth  to  the  thorax.  It  is  not  so 
perceptible  in  the  lower  animals  as  in  man,  nor  is  it  so  marked 
in  the  little  child,  as  it  becomes  after  puberty. 

The  transverse  processes  are  not  quite  such  simple 

tiw  tranjivenw    elements  as  they  at  first  sight  appear;  and  they  afford  a 

good  illustration  of  the  gradual  mode  in  which  changes 

in  the  shape  and  position  of  corresponding  parts  are  brought  about 

in  different  regions  of  the  skeleton.     If  one  be  examioed  at  the 


^  Th«  tranrverse  proceweA  of  fbe  laat  lumbar  Tertebrft  sometimeB  extend  to  tb« 
liip-boo««,  and  are  joint<:d  with  them  lik«  ihoie  of  the  upper  booes  of  the  iacriim, 
{QiWwPtUK  AnaL  by  South,  p.  199.) 
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midJle  of  the  back  it  will  be  seen  to  present,  near  its 

Is  tike  back ;  *  ,        ♦ 

extrcmit}%  three  pR>jectionjs  or  tithercles  (PL  X.  fig.  2, 
Af  B,  £7).  Of  these  one  (B)  is  in  front,  carrieg  the  articulating  facet 
for  the  rib,  and  may  be  called  the  costal  tubercle.  The  other  two 
are  behind;  one  {A)^  near  the  upper  surface,  may  be  called  the 
superior,  and  the  other  (C),  near  the  lower  siu^ace,  may  be  called 
the  injerior  tubercle.  They  are  very  clearly  seen  in  some  human 
skeletons,  and  still  more  clearly  in  many  animals  (the  beaver,  Cape 
bejir,  &c.);  and  in  the  eagle  the  upper  and  lower  tubercles  are  de- 
veloped into  long,  broad  proees^ses  which  meet  and  overlap  tliose  of 
the  vertebrie  above  and  below,  and  contribute  to  give  that  solidity 
to  the  thorax  which  is  required  to  furnish  a  firm  basis  of  attach- 
ment t^  the  wing-muscles.  If  we  trace  the  transverse  processes 
downwards,  we  shall  find  a  gradual  alteration  or  sliifting  of  the 
poflitions  of  these  tuWcles.  Take  tlie  last  dorsal  vertebra.  The 
entire  process  has  become  very  short  in  consequence  of  the  shorten- 
ing of  its  neck  (that  is,  the  stalk  which  carries  the  tubercles) ;  but 
the  tubercles  have  become  more  expressed  and  distinct  from  one 

another.      In  the  lumbar   vertebrae  the  costal  tubercle 

tn  tb#  loliu  I 

grows  out  into  the  long  transverse  process;  the  superior 
tttbercle  becomes  connected  with  the  upper  articulating  process^ 
and  gives  great  prominence  to  it ;  and  the  inferior  tul>ercle  forms  a 
more  or  less  marked  projection  from  the  under  and  back  part  of  the 
base  of  the  transverse  process.  In  carnivorous  and  some  other 
animals  this  inferior  tubercle  grows  to  much  greater  length  in  the 
loins;  it  projects  downwards  on  the  outside  of  the  upper  articulating 
process  of  the  vertebra  below,  is  articulated  with  it  and  hems  it  in 
80  that  the  joint  is  very  secure,  and  it  is  exceedingly  difficult  to 
separate  the  vertebrae  in  these  animals  ^ 

The  superior  tubercles  are  all  separate  epiphysea  in  the  skeleton 
of  a  rhinoceros  in  the  Museum  at  Cambridge,  which  presents  ac- 
cordingly a  good  opportunity  of  tracing  them  through  the  changes 
in  their  position.     We  have  observed  (page  126)  that  in  man  they 


*  An  acoowit  of  thcae  tuberclea,  nearly  corresponding  with  tbe  above,  ia  gi^eo  by 
Retain  {Ud>€r  dU  richiige  Ikuttmg  der  Setlenfortatu  an  den  Eaeixn-  und  LmdmviTheln 
htim  Mentchm  und  bnden  Sdu^fetkieren)  in  MiiUer's  Archiv,  1849,  ».  593. 
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are  in  the  loins  sometimes  developed  from  separate  nuelei  of  ossi- 
fication. The  cestui  tubercles  n\m  are  often  developed  from  separate 
nuclei  (page  125)  in  tlie  back  and  in  the  loins.  In  the  latter, 
wlier«  they  form  the  chief  part  of  the  transveree  processes,  they 
are  by  some  anatomists  considered  to  be  homologous  with  the  ribs, 
I  am  not  aware  that  the  inferior  tubercles  are  ever  developed  from 
separate  nuclei.  If  we  trace  the  transverse  processes  upwards  from 
tlie  middle  of  the  back,  we  find  that  the  tubercles  nearly  or  qiiite 
disappear,  and  t!ie  artieirlating  facets  for  the  ribs,  instead  of  being 
flat  and  seated  on  prominences,  l>ecome  concave  and  lodged  in 
hollows.  In  the  neck  faint  indications  of  the  upper  and  lower 
tubercles  may  be  detected  in  the  form  of  slight  projections  at  the 
extremities  of  tlie  posterior  transverse  processes. 

In  the  neck  the  transverse  processes  are  two,  one  in 
tamnfTerw  front  of  tlie  otlier.  They  enclose  betw-een  them  the 
foramen  for  the  vertebral  artery,  which  is  completed  es- 
temally  by  a  lamina  of  bone  extending  from  one  process  to  the 
other*.  This  lamina,  with  a  part  of  the  anterior  process  (probably 
the  projecting  tubercle  of  it),  corresponds  with  the  rib  of  the  dorsal 
region.  The  relation  between  them  is  well  shown  in  reptiles  and 
birds.  Though  usually  developed  from  a  separate  nucleus  (page 
126)  J  the  anterior  transverse  process  of  the  seventh  cervical  vertebra 
is  smaUer  than  those  immediately  above  it. 

The  foramen  in  the  transverse  process  of  the  7th  cervical 
vertebra  is  generally  smaller  than  in  the  others.  It  has  occasion- 
ally been  known  to  transmit  the  vertebral  artery  on  the  left  side*, 
more  frequently  it  transmits  the  vein ;  but  both  artery  and  vein 
commonly  pass  altogether  in  front  of  this  process  to  the  foramen  in 
the  vertebra  above.  It  is  present  in  the  giraffe,  but  absent  in  most 
other  mammals,  including  monkeys.  It  is  sometimes  also  absent 
in  the  human  skeleton*. 


^  Jn  the  4th,  5  th,  and  6th,  there  is  occaaionaJly  a  inaall  hole  behind  that  for  the 
Tcrtchral  Artery.  It  is  aaid  to  transuiit  aa  Artery,  which  is  called  "The  accessory  ver- 
tebral artery/'  though  it  appcsars  to  he  only  a  muscular  branch.  BMehr&XkAi,  Anatomic, 

'  Btr\i^eT*%  Anatmiical  and  Phyt'iGliMjk^  Observations,  p,  127, 
'  Cuvier,  Lemons  cCAnniomie  Oompfjn'e,  renmrks  it«  absence  in  the  flkeleton  of  th© 
Hottofitot  Venui  at  Pans. 
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of  the  t}erU'braI  nrehes  Is  greatest  at  the 
top  of  the  cohxmH  and  diminishes  as  we  traee  them  down 
to  the  middle  of  the  back.  Below  this  it  again  increases  to  the 
point  of  junction  of  the  spine  witli  the  sacnmi,  coTTef^ponding  with 
the  increasing  width  of  the  vertebrae,  which  is  for  the  piirj>Dse  of 
giving  the  spine  a  larger  basis  of  support  upon  the  peU^s,  {PL  X. 
figs.  3  to  8.) 

The  arches  are  deepest  (most  flattened  out  from  above  down- 
wards) in  the  back,  where  the  antero-posterior  movement  of  the 
bones  is  least  free,  and  where  the  spine  is  bent  backward;  and  by 
overlapping  one  another  at  tliis  exposed  part,  they  protect  the 
vertebral  canah  In  the  loins  and  neck,  where  there  is  more  free 
movement  and  where  tlie  spine  is  less  exposed,  they  are  less  deep ; 
they  are  shallowest  of  all  at  the  5th  lumbar  vertebra^  and  at  the 
atlas.    The  arch  of  the  axis  is  very  thick  and  strong, 

Tlie  spinous  processes  are  shaped  with  reference  to 
the  upright  posture  and  the  free  movements  of  the  head. 
That  of  the  atlas  is  almost  suppressed  to  prevent  its 
interference  with  those  movements.  That  of  the  axis  is  very  large ^ 
and,  like  the  four  next  to  it,  is  bifid,  to  afford  more  room  for  the 
attachment  of  the  muscles  which  cause  the  head  to  rotate  u|X)n  the 
spine.  The  freedom  and  frequency  of  this  movement  is  peculiar 
to  man,  and  so  is  this  bifurcation  of  the  spinous  processes*  The 
7th  cervical  and  the  upper  three  or  four  dorsal  spines  stand  out 
boldly  to  give  attachment  to  the  muscles  which  iill  up  the  in- 
terval between  them  and  the  occiput,  and  which  assist  to  keep  the 
head  erect  as  well  as  to  move  it  in  various  directions.  Yet,  foras- 
much as  in  num  tlie  head  is  nearly  balanced  ujion  the  spine,  the 
office  devolving  upon  these  muscles  demands  far  less  force  than 
it  does  in  the  lower  animals,  and  the  processes  in  question   are 


SpLnotu 
procesaiej)  In 
the&eck; 


^  I  found  in  the  Museum  ai  Bodh  four  Hpecimens  in  wbich  the  arch  of  the  Mlh 
lumbar  Tcrtebim  m  Bep«nte  from  the  luliculatmg  procenus  ;  and  another  in  which  it  is 
■eparaie  on  one  side,  the  spinous  procesa  being  alfio  cleft,  bo  tlmt  one  half  of  the  arc^h 
is  loose.  We  may  associate  the  fact  of  this  B€|)anLiion  with  the  greater  width  of  the 
arcb  of  this  Tertebn*  It  ia  also  not  un frequently  cleft  in  the  medism  line  by  a  more  or 
less  wide  fissure  extending  through  the  apiuous  process.  Such  cleavage  is  more  fre- 
quent in  the  taerum ;  I  have  met  witb  it  oocasionaUy  m  the  atlas  and  deatata. 
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joroporttonatelTf  small.      For   the    same    reason    the  llgamentum 

nuchas,  which  in  graminivora  is  very  thick  and  elastic  and  affords 

great  assistance  to  the  muscles  in  supporting  the  head^  ia  in  man 

rednced  to  a  mere  fibro-areolar  band  or  intcnnuscnlar  septnm. 

In  the  back  the  spinous*  processea  are  long,  of  tri- 
te th4  bikck ;  ^ 

angidar  form,  and  sloped  downwards,  so  as  to  oyerlap 
one  another,  and  so  as  not  to  add  imdulj  to  the  projection  of  this 
already  prominent  part  of  the  column ,  Near  their  bases  they  are 
bound  together  by  thick,  strong,  and  elastic  lHja7nenM  suhfiava^ 
which  aid  in  restoring  the  column  to  its  form  when  the  dorsal 
curve  has  been  at  all  increased;  and  near  their  extremities  they 
are  united  by  dense,  fibrous  tissue,  which  permits  very  little 
increase  of  the  ciirve  to  be  made.  In  t!ie  lower  part  of  the  back 
there  is  a  tendency  to  bifurcation  at  their  extremities,  which,  like 
the  same  conformation  in  the  neck,  has  relation  to  the  rotatory 
movement  in  the  part  above  them,  (page  166)> 

In  the  loins  the  spinous  praceases  are  very  large  and 

square  to  give  attachment  to  the  erector  muscles  of  the 
spine ;  and  they  are  united  by  a  large  quantity  of  yellow  elastic 
ligament'.  In  the  lowermost  two  a  smaller  size  is  necessitated  by 
the  sharpness  of  the  spinal  cun'C  and  the  freedom  of  movement 
about  this  part. 

It  is  of  some  practical  importance  to  be  aware  of  the  fact,  that 
one  or  more  of  the  spinous  processes  occasionally  deviates  a  little 
from  the  perpendicular  line;  also  that  there  may  be,  here  and 
there,  an  interval  between  two  spinous  processes  greater  than 
between  the  adjacent  ones.  Irregularities  of  this  sort  are  known 
also  to  be  attendants  on  fractures  of  the  spine  and  displacements 
from  disease;  so  that  we  should  sometimes  be  led  into  errors  of 
diagnosis  if  we  did  not  bear  in  mind  that  they  may  be  the  result 
of  natural  conformation. 

The  pecnUarities  in  the  shapes  of  the  articulating  processes 
will  be  described  with  the  joints  of  the  spine,  (page  166). 


*  They  have  occvionalty  been  found  touching  one  another  with  a  joint  formed 
beiw^eri  tbcm.     Mayer,  in  Tiedcmann'M  Zmtschrift  fur  Ph}fitiologie,  n.  19. 
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THE  SPINAL  COLTJHN  CONSIDERED  AS  A  WHOLE. 

The  construction  of  the  flpinal  column  of  several 
or«attiiibeT  pieces,  superimposed  upon  one  another,  and  jointed  to- 
gether so  as  to  permit  of  slight  motion  between  eacli  of 
themi  has  the  effect  of  allowing  a  considerable  range  of  move* 
tnent  in  the  spine  as  a  whole  without  much  alteration  in  position 
between  any  two  bones,  or  any  great  change  in  the  shape  of 
the  column*  Thia  is  very  important,  inasmuch  as  a  free  range 
of  movement  at  any  one  point  woidd  necessarily  have  been  at- 
tended with  much  diminution  of  strength,  and  would  have  exposed 
the  cord  to  considerable  rii^k  of  injury;  whereas  by  tlie  present 
arrangement  great  strength  is  combined  with  sufficient  mobility. 
Moreover,  by  the  interposition  between  the  several  bones  of  elastic 
fibro-cartilageSy  which  act  like  buffers,  the  column  is  rendered 
highly  elastic,  and  the  communication  of  jars  from  one  part  to 
another  is  prevented. 


DESCKIFnON  OF  PLATE  X. 

Ihgm  t.  Dnkwn  from  a  section  of  the  spine  of  &  mMi  set.  60,  whicli  Imd  been 
WiflloMid  in  plnster  of  Piuid  &nd  cut  with  the  Ugatnento,  kc.  entire,  bo  oa  to  preseire 
tbe  Aaipn  of  tlie  (mrres  and  int^sTHpaces  between  the  vtirLobne,  The  len^h  of  ihe  spine 
mad  the  meaiaurementfl  of  the  curroe  differ  somewhat  from  those  ^ven  in  the  text,  in 
consequence  of  the  greater  height  and  age  of  the  patient  (p.  155) ;  but  it  exhibits  moftt 
of  the  pointa  there  mentioDed* 

Fig.  ^  Laifcend  view  of  akuiU  spine  and  pelyia  drawn  from  a  specimen  in  which 
tbe  booei  wra  artificially  joined  together  and  in  which  the  curves  are  not  quite  truth- 
fuHjT  given.  It  RbowB  the  varying  sbapeii  and  po^titiona  of  the  articuhLting  BurfacM  on 
the  tiaoffverae  proceseeg  of  tbe  different  dorsal  vertebrae  (p.  i^q)^  also  the  greater  pro- 
jninenoe  of  the  inferior  articular  facets  for  the  ribs  on  the  dorsal  bodies,  Ofi  compared 
with  the  Biiperior.  ^  b  the  "superior  tubercle**  of  the  transverse  proceaSi  B  is  the 
"middle,"  or  "costal  tubercle/'  and  U  is  the  "infmor  tubercle.*'  In  the  back 
ibmj  are  dose  together  at  the  extremity  of  the  transverse  prooeas.  In  tlie  loins  they 
arv  MpiBrmte,  the  "  superior  tubercle  **  being  appooded  to  the  superior  articulating  pn> 
OMI^  md  the  "inferior  tubercle"  projecting  downwards  from  the  base  of  the  "middle 
tiiberde"  which  forms  the  chief  part  of  the  trans  verae  process. 

^^'  3j  4»  5i  6,  7»  8,  represent  horizontal  sections,  of  the  atlas  (3),  of  the  axis  (4), 
of  one  of  the  middle  cervical  vertebra  {$),  of  one  of  the  middle  dorsal  vertebra  (6), 
of  the  upper  lumbar  vertebra  (7),  and  of  the  fifth  do.  (8).  They  show  the  shape  of  the 
spinal  canalj  the  direction  of  the  neural  processes,  &c«  in  dOfereot  parts  of  the  oolomn 
(P^  139)* 
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Tlie  elasticity  of  the  ealumn  is  still  fiirtlier  provided 
for  hy  tlic  manner  in  which  the  component  l)one8  are 
arranged  in  a  series  of  cnrve^j  instead  of  being  pUiced  perpendicu- 
larly one  above  the  other.  The  colimm  nmy,  in  this  respect,  be 
compared  to  a  bent  spring  which  yields  easily,  gradually  and 
uniformly  in  all  its  parts  when  a  weight  is  |  laced  upon  it,  and 
which,  in  like  manner,  without  any  sudden  jerk»  resiunes  its  former 
position  when  the  weight  has  been  removed.  Thus,  composed  of 
many  pieces  arranged  in  ciu-ves  and  held  together  by  powerful,  and 
at  the  same  time,  elastic  ligaments,  the  spine  is  able  to  meet  these 
three  requirements :  1st,  of  bearing  great  weight ;  2dly,  of  under- 
going great  variety  and  considerable  range  of  movements  while  it 
is  the  centre  of  the  movements  of  the  whole  body ;  and,  3rdly, 
of  transmitting  the  nerv^ous  cord  safely,  and  of  defending  from 
undue  \4brations  the  great  ner\'Ous  centre  which  it  supports* 
Tiie  number  ^hc  antero-posterioT  curves  in  the  column  (from  the 

and  direction     ^([^^  ^^  ^{j^  coccyx)  are  four  in  number.     They  may  be 

of  the  antero-  .  . 

posterior  called,  from  their  position,  **  cervical,**  **  dorsal,**  *'  lum- 

bar** and  **  pelvic,**  They  alternate  in  the  direction  of 
their  flexure  and  in  the  mobility  of  the  several  vertebra;  which 
respectively  compose  them.  Thus  the  dorsal  and  pelvic  curves 
have  their  concavities  in  front,  which  lodge  the  thoracic  and  pelvic 
viscera,  and  the  vertebral  bodies  composing  them  admit  of  com- 
paratively little  movement  upon  one  another;  those  of  the  sacral 
portion  of  the  pelvic  curve  are  indeed  quite  fixed,  and  form  a 
basis  to  which  are  appended  the  pelvis  and  lower  extremities; 
whilst  those  of  the  dorsal  cunre  are  nearly  fixed,  and  support  the 
thorax  and  upper  extremities.  Whereas  the  cervical  and  lumbar 
curves,  which  present  their  convexities  in  front,  arc  composed  of 
vertebrae  capable  of  much  more  free  movement  upon  one  another. 
For  the  purpose  of  measuring  these  curves  I  made  a 
vertical  section  in  the  median  line  of  the  spine  of  an 
adult  female,  which  had  been  removed  with  the  ligaments  and 
pelvic  bones  and  had  been  enveloped  in  plaster  of  Paris,  after  the 
manner  adopted  by  Weber.  By  this  means  the  curves  are  preser\^ed 
nearly  correct.  Unless  tlie  spine  be  thus  fixed  in  plaster  of  Paris, 
or  in  eoiue  other  w^ay,  the  middle  of  each  intervertebral  substance 
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"becomes  squeezed  out  by  the  weight  and  elasticity  of  the  adjuceut 
parts,  as  soon  as  a  section  is  made ;  and  this  has  the  effect  of 
undiily  approxiniating  the  apposed  surfaces  of  the  bodies,  aUeriiig 
their  relative  positions  and  modifying  the  curves.  (Of  course  the 
measiucTOents  would  he  found  to  vary  a  little  in  different  persons.) 
In  this  specimen  the  first,  or  cervical  curve,  commences  at  the 
top  of  the  odontoid  process  and  terminates  at  tlie  midvlle  of  tlie 
second  dorsal  vertebra.  It  has  its  convexity  in  front,  and  forms 
18^  of  a  circle  whose  radius  measures  6|  inches ;  the  most  promi- 
nent point  anteriorly  is  the  fore  part  of  the  body  of  the  fourth 
cervical  vertebra.  The  second,  or  tkorach  curve,  commences  at 
the  middle  of  the  2nd  and  terminates  at  the  middle  of  the  last 
dorsal  vertebra.  It  has  its  conca\^ty  forwards,  and  forma  42^  of  a 
circle  whose  radius  measures  Vl%  inches  ;  the  most  prominent  point 
posteriorly  is  at  the  hinder  edge  of  the  body  of  the  7th  or  8th 
vertebra.  The  degree  of  curvature  is  nearly  uniform,  if  not  quite, 
in  the  several  parts  of  each  of  these  two  curves.  The  third,  or 
lumbar  cun-e,  conimencing  at  the  middle  of  the  last  dorsal, 
terminates  at  the  lower  and  anterior  edge  of  the  lust  lumbar  ver- 
tebra* It  is  convex  anteriorly,  and  forms  80*  of  a  circle  whose 
radius  is  b%  inches.  This  is  the  mean  measurement ;  the  degree 
of  curvature  throughout  this  lumbar  portion  is  not,  however, 
by  any  means  unifonn,  that  is  to  say,  it  does  not  form  a  part 
of  one  circle,  but  is  composed  of  parts  of  two  or  more;  for  the 
convexity  of  the  lower  three  vertebras  is  much  greater  than  that 
of  the  upper  two,  which  together  with  the  last  dorsal  form  nearly 
a  straight  line.  The  fourth,  or  pelvic  cur\^e,  sharper  than  either 
of  the  others,  commencefl  at  the  upper  edge  of  the  sacrum  and 
terminates  at  the  tip  of  the  coccyx.  It  forms  125^^  of  a  circle  whose 
radius  is  2|  inches.  In  this,  as  in  the  lumbar  region,  the  curve  is 
not  part  of  a  true  circle ;  the  degree  of  curvature  being  not  uni- 
form but  greatest  a  little  below  the  middle,  that  is,  at  the  lower 
part  of  the  sacrum. 

The  transition  of  the  lumbar  and  sacral  curves  into  one 
another  is  not,  li  ce  that  of  the  others,  gradual,  so  as  to 
render  it  rather  difficult  to  tell  where  the  convexity  of  the 
one  merges  into  the  concavity  of  the  other,  hut  it  is  sharp,  forming 
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a  salient  angle  of  120^;  this  angle  of  union  of  the  sacral  with  the 
lumbar  portion  of  the  column  is  called  the  sacro-vertehral  angle. 

The  upper  three  curves — the  cervical,  dorsal,  and 
lumbar — are  so  arranged  that  their  chorda  are  in  the 
same  vertical  line  in  the  erect  |}08ition  of  the  body;  and 
that  vertical  line  coincides  with  the  line  of  gravity  of 
This  is  easily  ascertained  in  the  following  way.  We 
know  from  experiment  that  the  line  of  gravity  of  the  head  falls 
between  the  condyles  of  the  occipital  bone,  and  passes  through 
the  middle  of  tlie  odontoid  process.  Now  a  plumb-line  let  drop 
from  this  point,  in  the  specimen  from  which  the  above  measiure- 
ments  were  taken,  passes  directly  through  the  middle  of  the  body 
of  the  second  dorsal  vertebra,  through  the  middle  of  the  body  of  the 
last  dorsal  vertebra,  and  through  the  middle  and  antero-inferior 
edge  of  the  last  lumbar  vertebra ;  it  paases,  therefore^  through  the 
points  at  which  these  three  curves  run  into  and  support  one  another, 
i.  e.  it  coincides  with  the  chords  of  the  curves*  Prolonged  finrther 
downwards  the  plumb-line  falls  just  in  front  of  the  promontory  of 
the  sacrum,  and  bisects  a  line  draw^n  transversely  through  tlie  middle 
of  the  heads  of  the  thigh-bones,  or  a  very  little  behind  the  middle. 
The  centre  of  gravity  of  the  cranium  with  its  contents  is,  there- 
fore, placed  immediately  over  the  heads  of  the  thigh-bones ;  and 
the  points  of  confluence  of  three  of  the  intermediate  spinal  curves 
are  in  the  line  of  gravity. 

The  line  of  gravity  thus  drawn  from  the  head 
jj^yj^,^^^  *^''^' through  the  spine  to  between  the  heads  of  the  thigh- 
•*^^'^*'*  bones,  coinciding  with  the  chords  and  points  of  junc- 
tion of  the  spinal  curves,  cofresponds  with  the  hinder 
edges  of  the  bodies  of  those  vertebrae  which  are  situated 
at  the  foremost  part  of  the  cervical  and  lumbar  curv^es,  neither  of 
these  vertebral  bodies  being  entirely  in  front  of  it ;  whereas  it  nma 
quite  in  front  of  the  bodies  of  the  fifth,  sixth,  seventh,  eighth, 
and  ninth  dorsal  vertebras.  Hence  there  is  a  larger  portion  of 
the  dorsal  curve  behind  the  line  of  gravity  than  there  is  of  either 
the  cervical  or  dorsal  cmrves  in  front  of  it;  so  that  the  one  dorsal 
bend  backwards  is  made  about  sufficient  to  compensate  for  the 
cervical  and  lumbar  flexures  in  the  opposite  direction. 
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ckawortbe  '^^^  curves  are  due  partly  to  the  shape  of  the  verte- 

^"'^  bml  bodies,  and  partly  to  that  of  the  intenrertebral 

sabstaDces.  The  cun^ature  in  tlie  neck  is  entirely  to  be  attributed 
to  the  latter;  for  the  upper  and  lower  surfaces  of  the  vertebral 
bodies  in  thia  region  {as  may  be  seen  in  the  section,  PI,  X,)  are 
parallel,  or  even  actually  further  apart  behind  than  in  firont,  the 
reverse  being  the  case  with  regard  to  the  intervertebral  substances*. 
In  the  back  the  curvature  ia  almost  entirely  due  to  the  shape  of 
the  bodies,  which  are,  especially  at  the  middle  of  the  curve,  evi- 
dently deeper  behind  than  in  front.  Each  intervertebral  substance 
here  presents  nearly  a  uniform  thickness,  the  contiguouB  upper  and 
lower  surfaces  of  the  vertebral  bodies  being  almost  parallel.  In  the 
lumbar  region  the  shapes  both  of  the  vertebrae  and  of  the  interver- 
tebral substances  contribute  to  the  curve.  The  body  of  the  lower* 
most  lumbar  vertebra  is  nearly  a  third  less  deep  behind  than  in 
front  (PL  IX.  and  X.},  In  the  others  the  difference  is  less 
marked,  the  upper  and  lower  surfaceB  being  mare  nearly  parallel. 
The  depth  of  the  lumbar  intervertebral  aubstances  is  also  mani- 
festly greater  in  front  than  behind.  This  account  agrees,  on  the 
whole,  with  the  measurements  given  at  length  by  the  brothers 
Weber*. 

A  few  other  particulars  in  which  the  shapes  of  the 
tebne  modS^  vertebrsB  are  modified  in  reference  to  the  curves,  deserve 
mention.  First,  the  middle  part  of  the  body  of  e^ch  of 
the  dorsal  vertebrae,  from  the  fourth  to  the  eighth  more 
especially,  that  is  about  the  middle  of  the  ctu*ve,  is  projected  for- 
ward, so  as  to  render  its  horizontal  section  somewhat  heart-shaped ; 
and  when  they  are  united  together  a  sort  of  ridge  is 
formed  which  projects  into  the  interior  of  the  curve,  and 
affords  additional  support  where  it  is  most  needed.  Above  and 
below  this  part,  on  the  contrary,  the  vertebral  bodies  are  expanded 
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^  It  will  be  seen  from  ttie  drawing  tbfti  tbey  are  not  truly  parallel,  botb  siitf Aoea 
being  miher  concave,  m  in  tbe  loins,  so  as  to  give  somewbAt  of  a  globular  sbape  to 
the  iniervertebnd  iubstuioes  lying  between  them,  wbich  facilitatea  the  movement  of 
the  vertebne  npoo  otie  another.  In  the  bock,  where  the  movements  ore  very  limited, 
not  only  are  the  intervertebral  spaces  ahallower,  bot,  as  stated  in  tbe  text,  the  upper 
and  lowor  luifiusei  of  the  oontiguouii  vertebne  are  more  truly  paralleL 


h 


* 


150 


THE  SPINE. 


Iciterally;  and  in  the  liimliar  region,,  in  an  especial  manner,  they 
are  spread  out  at  the  postero-lateral  parts  where  the  weight  chiefly 
Mh,    (PL  IX,) 

Sec4}nfll^^  the  posterior  aspect  of  the  dorsal  bodies  is  flat  and 
even,  presenting  a  plane  uninterrupted  surface  to  the  vertebral 
canal,  which  is  quite  necessary,  because  the  anterior  wall  of  the 
canal  which  is  formed  by  thera,  being  convex,  the  cord  is  in  close 
contact  ^v^th  it,  and  may  be  said  to  l»e  stretched  over  it.  The  dura 
mater  is  also  adherent  to  the  ligament  which  covers  the  hinder  sur- 
face of  the  bodies  of  these  vertebrae.  In  the  lumbar  region,  on  the 
contrary,  where  the  anterior  side  of  the  vertebral  canal  is  concave 
and  where  the  cord  is  consequently  not  in  cloti^e  contact  with  it,  the 
dura  mater  is  less  adherent  and  the  surface  is  much  less  even;  the 
middle  parts  of  the  bodies  of  the  several  vertebrsB  are  here  hol- 
lowed out,  and  their  upjier  and  lower  edges ^  with  the  intervertebral 
substances,  are  proportionately  prominent.  Thus  there  are  inter- 
spaces left  between  the  concave  vertebral  bodies  and  the  spinal  cord 
in  this  situation,  which  are  occupied  by  fine  soft  fat.  Fat,  indeed, 
exists  in  considerable  quantity  about  this  part  of  the  vertebral  canal, 
furnishing  protection  to  the  nervous  cords  against  the  injaries 
which  would  be  likely  to  result  from  the  comparatively  free  move- 
ments of  the  bones. 

Tkirdly,  the  sjiinous  processes  are  slanted  very  ob- 
liquely so  as  to  overlap  oue  another  and  to  project  very 
little  in  the  back,  where  the  prominence  of  the  column 
itself  affords  sufficient  leverage  to  the  muscles.  In  the  neck  and 
loins,  where  this  advantage  is  wanting,  owing  to  the  concavity  of 
the  hinder  aspect  of  the  column,  the  deficiency  is,  in  part,  supplied 
by  the  greater  prominence  of  these  processes.  So  that  we  should 
make  quite  an  erroneous  estimate  of  the  amount  of  flexure  of  the 
several  parts  of  the  column,  if  we  were  to  form  our  judgment  from 
the  curves  presented  by  the  line  of  the  spinous  processes. 

Fourthly,  the  depth  and  overlapping  of  the  vertebral 
arches  in  the  convex  dorsal  portion  of  the  column  af- 
ford protection  to  the  spinal  cord:  this  has  already  been  mentioned 
(page  143),  and  contrasted  with  the  shape  of  the  same  parts  in  the 
concave  cer^nciil  and  lumbar  regions. 
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The  disposition  of  the  vertebrae  iu  three  curves 
^li^aeio^  l)etweeii  the  pelvis  and  the  head  enables  the  spinal 
column  to  bear  a  greater  vertical  weig^ht  than  it  could 
have  done  if  the  bones  had  been  arranged  in  a  straight 
line  one  above  the  other.  This  may  seem  paradoxical,  and  would 
be  untrue  if  we  could  regard  the  part  as  inelastic^  for  any  inelastic 
column  must  clearly  be  strongest  when  straight.  Practically,  how- 
ever, all  columns  are  more  or  less  elastic,  and  if  pressed  by  vertical 
weights  first  bend,  and  then  break.  It  has  been  calculated  that 
when  a  column  ia  just  going  to  bend,  the  weight  sustained  is 
inversely  proportional  to  the  square  of  the  length;  greater  force  is 
therefore  required  to  produce  bending  in  a  short  column  than  in  a 
longer  one  which  is  equal  in  bread tli  and  materiuU  Now  tlie 
spine,  consisting  of  tliree  curves,  and  being  elastic,  must  bend  in 
three  curves  (that  is,  must  bend  n»  though  it  were  composed  of 
tliree  short  columns);  and  a  greater  force— say,  nine  times  as  much 
*— is  required  to  bend  it  than  if  it  had  been  straight,  and,  therefore^ 
capable  of  bending  in  one  curve. 

And  when  we  consider  the  spine,  not  merely  as  a 
statlonar)^  but  as  a  moving  column,  carried  to  and  fro 
and  subjected  to  sudden  changes  of  position  and  jerks 
in  ditTerent  directions,  we  perceive  how  greatly  the 
arrangement  of  its  bones  in  alternate  curves  must  further  contribute 
to  its  general  resisting  power  and  seciu-ity.  Suppose,  for  instance, 
the  lumbar  portion,  instead  of  being  bent,  had  been  continued  up  in  a 
straight  line  from  the  sacrum :  in  that  case  when  the  pelvis  was  car- 
ried forwards,  in  walking  or  running,  the  strain  upon  the  ligaments 
that  unite  the  fore  parts  of  the  bodies  of  the  vertebra  together  and 
to  the  sacrum,  would  have  been  so  excessive  that  a  far  greater 
strength  than  now  would  have  been  necessarj^  to  attain  the  same 
security,  and  it  would  have  been  much  more  difficult  to  maintain 
the  proper  balance  of  the  trunk.  Owing,  however,  to  the  curve  in 
which  the  bones  are  arranged,  the  onward  impidse  of  the  sacnnn  is 
shared  between  the  bones  and  the  ligaments,  being  communicated  in 
an  oblique  line»  partly  to  the  body  of  the  last  vertebra,  and  partly  to 
the  tough  inelastic  fibrous  bands  that  unite  the  fore  parts  of  that 
vertebra  with  the  sacrum.     The  broken  force   thus  received  by 
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the  last  vertebra  is,  in  like  manner,  transmitted  obliquely  on* 
wards,  and  is  shared  between  the  body  of  the  fourth  vertebra 
and  the  Ugaments  which,  forming  the  fore  part  of  the  inter- 
vertebral substance,  conneet  it  with  the  vertebra  above;  and  so 
on.  In  this  way,  by  virtue  of  the  direetion  of  the  cur\^e  and  the 
structure  of  the  spine,  the  force  is  decomposed,  and,  being  shared 
between  several  bones  and  their  connecting  ligaments,  is  borne 
without  particular  stress  on  any  one  part.     The  same  applies  to  ] 

other  regions  of  the  column,  though  in  a  less  striking  mamier 
tlian  to  this,  which  having  to  bear  the  greatest  weight  and  to 
receive  the  first  impulses  from  the  pelvis  is,  as  a  compensation, 
provided  with  the  sharpest  ciurveV 

It  appears,  indeed,  that  in  the  construction  of  the  human 
spine  every  thing  is  disposed  to  such  advautige,  the  bones  are 
so  shaped  and  sized,  are  so  adjusted  in  curves  and  so  arranged 
with  intervening  soft,  semifluid  intervertebral  substances,  that  the 
required  amount  of  elasticity,  strength  and  capacity  of  movement 
are  afforded  by  the  smallest  possible  quantity  and  weight  of  mate- 
rials, We  find,  accordingly,  as  we  descend  towards  the  lower  parts, 
in  proportion  as  the  superincumbent  weight  increases  so  do  the 
bones  gradually  become  larger,  and  the  intervertebral  substances 
are  likewise  larger  and  thicker.  We  find  also,  that  at  the  lowest 
part,  where  the  weight  is  greatest  and  the  movements  are  most  free, 
the  curve  is  the  shortest  as  well  ns  the  shaqjest;  that  in  the  neck, 
where  the  vertebraa  are  small  and  the  movements  are  free,  the 
curve  is  also  short;  and  m  the  back,  where  the  movements  are  very 
limited  and  the  bones  are  of  considerable  size,  the  curve  is  the 
longest. 

When  the  body  is  moved  quickly,  as  in  running,  the  whole 
column,  with  the  pelvis,  is  inclined  forwards,  the  degree  of  incli- 
nation increasing  with  the  rate  of  progression;  thus  the  bones  and 
ligaments  are  placed  in  a  more  favourable  position  to  receive  the 
impulses  from  the  lower  extremities,  in  proportion  as  those  impulses 
become  more  violent* 


^  In  tlie  chimpanzee  And  other  qimdrumana^  which  are  adapted  for  climbmg  rather 
than  waUuDg,  the  lymbar  curve  ia  leaa  sharp  and  the  bodies  of  the  lumbar  aod  eacral 
rert«biiQ  &re  proportionately  kas  lurgQ  than  in  man« 
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The  advantages  afforded  by  the  cun^a  in  the  way 

Spine  braced  on  ,  fe  ^  J 

ettiierddeUr  jiist  mentioned  apply  of  course  only  to  the  backward 
and  forward  movements  of  the  body;  to  the  latter, 
which  are  the  more  forcible,  in  an  especial  manner.  The  move- 
ments from  side  to  side  are  much  less  extensive  and  sudden;  and, 
it  must  be  rememberedj  that  the  column  is  strongly  braced  in  a 
lateral  direction  by  the  muscles  which  pass  between  its  transverse 
processes,  and  still  more  by  tliose  muscles  which  pass  between  the 
pelvis  and  thorax  below,  and  between  the  thorax  and  cranium  above, 
-  .,  In    addition    to   the   resolution  and  distribution  of 

Ctirvee  10  die- 

poeodesto       forccs  wliicli  the  ciurves  effect  durine:  the  movements  of 

protMt  the  cord  ^      ,  ^ 

iniDOTements  the  body,  it  is  to  be  remarked  that  they  enable  the 
eip  &  movements  of  the  several  parts  of  the  spine  upon  one 
another  to  take  place  without  injury  to  the  cord;  and  they  are 
arranged  with  especial  reference  to  this  point,  I  find  from  obser- 
vations, to  be  presently  mentioned,  that  when  the  spine  is  bent 
forwards  or  backwards  the  movement  takes  place  chiefly  in  its 
lumtiar  and  cervical  portions.  Had,  therefore,  the  bones  in  those 
regions  !>een  arranged  in  a  straight  line,  or  still  more  had  they 
been  curved  backwards,  it  is  e\Hdcnt  that  any  bending  of  the  spine 
forwards  would  have  been  attended  with  some  projection  into 
the  vertebral  canal,  which  would  have  been  likely  to  cause  injury 
to  t!ie  nervoiLS  centre.  But  forasmuch  as  the  curve  is  so  disposed 
as  to  render  the  anterior  surface  of  the  ca.nal  concave,  a  consider- 
able bend  of  the  column  can  take  place  without  any  possibility  of 
injury  to  the  cord.  In  the  back,  on  the  contrary,  where  the  pos- 
terior surfaces  of  the  bodies  and  the  interv^ertebral  substances 
present  an  even  convex  surface  to  the  canal,  any  considerable  ad- 
dition to  the  tlexure  of  the  column  would  be  liable  to  stretch  and 
damage  the  cord;  we  shall  find,  accordingly,  in  the  disposition  of 
the  articulating  processes  and  in  other  ways,  that  provision  is  made 
to  prevent  such  movement. 
_  Not  only  do  the  curves  contribute  to  the  ffrace  and 

The  dliiKJsitlon  _    ^  '^  ^  ^ 

of  the  or^na  elasticity  of  the  movements  of  the  spine,  and  prevent 
with  TBferenoe  the  Communication  of  jars  and  mjurioua  mipulses  of 
tothecurvce.  ^^^^^  kinds  iVoni  one  part  to  another;  but  they  also 
afford    additional    surface   for   contact   and  additional  means  of 
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support  to  the  contiguous  soft  parts ;  and  these  are  distributed, 
in  some  nieAsure,  with  reference  to  them:  thus  the  heavier  vis- 
cera—the liver  and  spleen — are  placed  in  the  hollow  at  the  lower 
region  of  the  back  so  as  to  rest  upon  the  lumbar  prominence, 
and  to  l>e  partly  in  and  even  a  little  behind  the  line  of  gravity. 
It  is  also  worthy  of  remark  that  the  anterior  concavities  of  the 
curves  occur  in  the  thorax  and  pelvis  where  the  rest  of  the  wall 
enclosing  the  \iscera  is  comparatively  or  absolutely  unpelding. 
The  inconvenience  which  would  result  from  a  convexity  of  the 
spine  projecting  into  either  of  the^e  regions  is  obvious. 

Advantage  is,  in  like  maimer,  taken  of  the  spaces  wliich  the 
curves  aflbrd  in  the  back  for  the  lodgement  of  muscles.  Tlius  the 
fleshy  bellies  of  the  powerful  muscles  that  maintain  the  trunk  erect 
upon  the  pelvis,  and  of  those  that  support  and  wield  the  head  upon 
the  spine,  are  placed  in  the  concavities  of  the  lumbar  and  cer\'ical 
curves;  while  the  convexity  of  the  dorsal  portion  affords  a  favour- 
able leverage  for  the  attachment  of  the  tentlinous  prolongations 
of  both  sets  of  muscles* 

NotcauBcdhr  It  has  been  supposed  by  some  anatomists  that  the 
mtiicuLkr  action,  cuTvcs  are  duc  to  the  contractions  of  these  muscles 
predominating  over  their  opponents  and  drawing  together  the 
arches  and  spines  of  the  lumbar  and  cervical  vertebra3;  the 
dorsal  bend  in  the  opposite  direction,  being  secondary  to  and  con- 
sequent on  tliese  two  primary  curves  in  the  neck  and  loins.  There 
does  not  seem  to  be  any  good  evidence  in  favour  of  such  a  view. 
It  is  more  probable  that  the  several  flexures,  that  is  to  say,  the 
shape  of  the  spinal  column,  is  a  resultant  of  the  same  forces  of  de- 
velopment which  evolve  the  forms  of  the  several  vertebrae  and  of  the 
other  parts  of  the  body.  It  has  been  already  said  (page  134)  that 
the  curv'es  scarcely  exist  at  the  time  of  birth  although  the  pre- 
paration for  thein  may  be  observed  in  the  configuration  of  the 
vertebral  bodies.  For  some  time  after  birth  the  spine  is  so  flexible 
that  it  is  difficult  to  decide  what  is  its  true  shape.  The  formation 
of  all  the  curves,  of  the  upper  three  at  any  rate,  must  commence 
and  proceed  almost  cotemporaneously.  If  there  be  any  difterence 
in  point  of  time  it  is  that  the  dorsal  curve  has  slightly  the  prece- 
dence, the  lumbar  curve  following  closely  upon  it.     Up  to  ado- 
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lesceDce  all  the  curves  become  gradually  more  marked ;  and  after 
maturity  the  dorsal  curv^e  often  increases  in  length  and  depth  at 
the  expense  of  those  above  and  below  it  (page  173). 
Bimiimrcttma  ^^^  respective  parts  of  the  cohimn  in  other  mam- 
toundiatbe  mals  present,  generally  speaking,  similar  cnr\'e8  to  those 
wammau  in  the  human  spine;  thougti  the  degree  of  flexure 
Yiaries  a  good  deal  in  each  part  in  different  animals.  The  curve 
in  the  loins,  which  has  e.^peeial  relation  to  t!ie  upright  postnre, 
is  in  all  much  less  marked  than  in  man  ;  in  some  animals  the 
spine  is  here  quite  straight;  in  some,  it  is  curved  in  a  direction 
opposite  to  that  in  man :  in  the  elephant,  for  inst^mce,  the  spine 
from  the  pelvis  to  the  neck  forms  a  single  arch.  The  dorsal  curve 
ia  generally  wider  in  animals  than  in  man.  In  some  it  is  sharper 
at  the  fore  part  than  elsewhere;  it  is  so  in  the  horse,  and  inmost 
animals  whose  weight  is  much  thrown  upon  the  fore  legs  in  running 
and  leaping. 

A  slight  lateral  curvature,  with  the  convexity  to  the 
right,  is  commonly  found  in  the  middle  and  upper  part 
of  the  back  ;  and  there  are  compensating  ciur\^es  above  and  below, 
BO  slight  as  scarcely  to  be  perceptible.  These  lateral  curves  are 
not  sufficiently  pronounced  to  have  any  relation  to  the  fmictions  of 
the  column  as  an  organ  of  support  or  of  motion.  The  chief,  or 
primary  one,  to  the  right  has  been  attributed  to  the  presence  of  the 
aorta,  which  by  pulsating  along  t!u:  left  side  of  the  column  causes 
a  slight  flattening  of  the  vertebral  bodies  in  its  track,  and  has  been 
supposed  to  cause  a  slight  deflexion  of  the  spine  to  the  opposite 
side.  If  the  curve  were  really  induced  in  this  way  we  should 
expect  to  find  it  present  at  birth,  wliich  is  not  so;  and  the  obser- 
vation by  Professor  Otto^  of  a  case  in  which  the  aorta  arched  to 
the  right  and  descended  on  the  right  side  of  the  spine,  instead  of 
the  left,  the  curvature  of  the  spine  nevertheless  taking  its  uauiil 
direction,  quite  proves  that  the  ciurve  and  the  vessel  have  no  direct 
relation  to  one  another  in  the  way  of  cause  and  effect.  It  seems  more 
probable  that  this  bend  of  the  spine  to  tlie  right  side  in  the  back  is 


lAtenl  carrei. 


Btokaehiungen.    Z^mW  S»iiuiilaiig,  a.  6i. 
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dependerit  upon  the  more  frequent  use  and  greater  strength  of  the 
right  hand  and  ami  aa  compared  with  the  left,  and  ii|>on  the  con- 
sequent inclination  of  the  upper  part  of  the  spine  towards  the  left 
flide  for  the  pm-pose  of  raaintaiuing  the  balance  and  giving  a  firm 
basis  of  action  to  the  muscles  moving  the  arm.  Tliis  view^  derives 
confirmation  from  the  fact  tliat  Beclard  found  the  curve  taking  an 
opposite  direction  in  the  spine  of  a  person  who  was  known  to  have 
been  left-handed. 

Veitobrai  ^he  Vertebral  canal  varies  in  its   size  at   different 

S^oTTi^^  parts  of  the  column  (Ph  IX,  and  PI  X.).  It  is,  on  the 
favBtputi.  whole,  largest  where  the  movements  of  the  vertebrae  are 
most  free.  At  the  second  cervical  vertebra  its  antero-postertor 
dmnieter^  measuring  f  of  au  inch,  is  greater  than  at  any  other  part 
of  the  neck  or  at  any  part  of  the  back.  From  this  it  gradually 
diminishes  to  the  middle  of  the  back,  where  it  measures  |  of  an 
inch  or  less.  As  we  trace  it  further  downwards  it  gradually  in- 
creases to  the  last  lumbar  vertebra,  where  it  measures  |  inch.  Below 
this  it  diminishes  quickly  to  its  termination.  The  canal  is,  there- 
fore, most  roomy  from  before  backwards  in  tlie  neck  and  loins, 
where  the  antero-posterior  movements  of  the  spine  are  greatest, 
and  where  the  cord  is  least  closely  attached  to  the  vertebral 
bodies,  which,  in  these  regions,  present  an  undulating  surface 
to  it. 

The  lateral  diameter  of  the  canal  is  greatest  at  the  atlas,  where 
it  measures  nearly  an  inch  and  a  half.  It  must  be  remembered 
that  the  presence  of  the  vertebral  arteries,  and  the  room  required  for 
the  rotatory  movements  of  the  atlas  upon  tlie  axis,  curtail  somcwiiat 
the  space  here  allotted  to  the  cord.  Nevertheless^  the  great  width 
of  the  canal  at  this  part  affords  an  explanation  of  the  fact  of  the 
cord  having  escaped  injurious  pressure  in  some  of  those  remarkable 
instances  of  displacement  of  the  bones  from  disease,  which  are  every 
now  and  then  met  with.  At  the  axis  the  measurement  of  the  canal 
from  side  to  side  is  about  an  inch,  and  continues  the  same,  or  a  little 
leas,  down  the  neck.  At  the  second  dorsal  vertebra  it  is  suddenly 
diminishedj  measuring  only  f  inch;  so  that  the  transverse  section 
of  the  canal  here  is  nearly  circular;  it  is  of  the  same  shape  through 
the  greater  part  of  the  back.     At  the  last  dorsiJ  vertebra  the  lateral 
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diameter  is  |  inch.  It  increases  to  an  inch  in  the  loina  and  dimi-- 
nishes  again  in  the  saerum  *. 

oonnectionof  The  cord  19  more  closelj  connected  with  the  bodies 

soierioraod  tliBJi  With  the  arches  of  the  vertehros  all  the  way  down; 
portoiarw»ii  ^^^|  ^^^  iuxB,  mater  is  adherent  to  the  posterior  surface 
of  the  vertebral  bodies,  or,  rather  to  the  posterior  vertebral  liga- 
ments, by  fihrouB  tissue.  It  follows,  as  Ix^fore  said,  the  even  convex 
surface  of  the  dorsal  bodies  more  closely  than  the  undulating  con* 
cavo-<!onvex  aspects  of  the  cervical  and  lumbar  vertebrge.  The 
interv^al  between  the  dura  mater  and  the  vertebral  arclies  is  oc- 
cupied by  fine  adipose  tissue,  which  c|uitc  separates  the  one  from 
the  other  along  the  whole  length  of  the  canaL 

It  is  remarkable  how  seldom  the  shape  of  the  vertebral  canal 
is  altered,  and  the  cord  sulyected  to  aoy  injurious  pressure,  by 
outgrowths  from  the  bodies  of  the  vertebrae.  These  are  very  com- 
mon at  the  fore  part  and  sides  of  the  vertebraj,  particularly  near 
the  upper  and  lower  edges  of  the  bodies  j  but,  fortunately,  very 
seldom  appear  behind*  I  remember  one  instance,  and-  only  one, 
of  this  kind.  A  man  had  been  paraplegic  for  many  years;  and  we 
found,  on  post-mortem  examination,  that  the  loss  of  nervous  power 
in  the  lower  half  of  the  body  had  been  caused  by  a  bony  outgrowth 
from  the  hinder  part  of  one  of  the  dorsal  vertebra?,  which,  projecting 
into  the  canal,  had  pressed  upon  the  cord.  It  was  of  small  size, 
and  not  rough;  but,  being  situated  in  the  part  of  the  canal  where 
the  surface  is  convex  it  soon  produced  an  effect  upon  the  cord^. 
It  will  be  observed  from  PL  X.  fig.  1,  that  the 

Potlttoti  of  the  ,  . 

iDterv«t*bt»i    "intervertebral  foramina''  in  the  neck  and  loins  are, 

with  regard  to  their  respective   vertebrse,  on  a   plane 

anterior  to  those  in  the  back,  that  is,  are  closer  to  the  bodies  of  the 


^  CruY«iUiier  givei  the  foltowing  mcaiuremciita  of  the  Tertebral  caital : 

TnmmTK  diunoton.  Antero-postetffiur  diunoten. 

In  the  neck     .         .         .         it  linefl         ,         .  6  lmo«. 

In  ihe  back      ...  7  Lines         .         ,         ,        6  lines. 

lo  the  loins      «         .         .         10  linea         .         .         .         S  imes. 
*   Dr  Bdd  haa  recorded  a  cam  in  ivhlch  ft  conical  exostosis^  growing  from  the 
poatenoT  part  of  the  od0tit<M  prooen  of  the  axis,  caused  fatjkl  compressiou  of  the  ooid, 
Lwtdon  and  Bdiiiimrgh  Joumai  <^  MedksU  Science,  1843. 
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vertebrae.  This  has  relation  to  the  direction  taken  ty  the  nerves 
emerging  from  them;  the  cervical  and  lumbar  nen^ea  passing  for- 
wards to  tlieir  respective  plexuses,  whcreaB  the  dorsal  nerves  are 
at  first  directed  backwards,  along  the  lower  edges  of  the  ribs.  In 
the  neck  the  forward  jio.sition  of  the  foramina,  which  is  more  marked 
than  in  tlie  loins,  has  relation  abo  to  the  fact  that  the  vertebral 
arches  are  at  first  directed  outwards  from  the  bodies  instead  of 
passing  straight  backwards  as  they  do  in  the  dorsal  region* 

BcincT  included  between   the   pedicles  of  the   con- 

ThctrihApeuid    ^  -  *    _ 

diMVMjto  tiguous  vertebrse  the  shape  and  position  of  the  interver- 
tebral foramina  vary  according  to  the  relative  size  and 
position  of  the  pedicles;  though  in  all  parts  they  are  of  ample 
dimensions  to  prevent  injurious  pressure  upon  the  nerves  during 
the  movements  of  the  vertebrae.  In  the  neck,  where  the  pedicles 
are  relatively  large,  the  intervertebral  foramina  are  comparatively 
small  and  roundish.  In  the  back  where  the  pedicles  are,  for  the 
most  part,  relatively  small,  the  foramina  are  large  and  oval  or 
ovoid,  the  larger  end  of  tlie  oval  being  directed  upwards  and  back- 
wards. Tbe  nerves  here  pass  through  the  upper  and  larger  parts 
of  the  foramina,  under  slielter  of  and  close  beneath  the  bridges 
formed  by  the  junction  of  the  pedicles  with  the  inferior  articu- 
lating processes;  and  this  position  of  the  nerves  in  their  course 
upwards  backwards  and  outwards  to  gain  the  lower  edge  of  the 
ribs,  accoimts  for  their  escaping  so  often  in  angular  curvature  of  the 
back.  In  that  disease  the  bodies  of  several  dorsal  vertebrae  may  be 
destroyed,  the  adjacent  ones  above  and  below  the  ulcerated  chasm 
may  fall  together  and  become  united,  while  the  arches  not  being 
involved  in  the  disease  are  thrown  back,  and  the  nerves  escape. 
In  the  loins  the  bodies  of  the  vertebrse  are  large,  so  that  the  pedicles 
stand  well  apart  from  one  another,  and  the  foramina  are  large  and 
oval.  The  nerves  in  their  passage  obliquely  through  them  from 
above  downwards  lie,  not  so  much  under  shelter  of  the  arch  of  the 
vertebra  above,  as  upon  the  pedicle  of  the  one  below'. 


*  In  c«iiAm  fishes  and  iti  the  buffalo,  and  perhap«  in  •ome  othpr  aninula,  the 
pan  through  forarinifiA  in  the  pwliclea  of  the  respective  vertebrae  instead  of 
bfliweeti  them ;  the  foraniina  are  in  febera  accordingly  pert^rai  not  intenferCebmL 
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CONKECnON  OF  THE  VERTEBR.^  WITH  ONE  ANOTHER 

The  great  bond  of  union  between  tbe  component  parts 
■nifitiiinTt  ^f  ^j^g  gpinal  column  i:*  tima allied  bj  the  intervertebral 
aubstancejff  which  are  inserted  between  the  bodies  of  the  several 
vertebrae.  They  are  composed  chiefly  of  fibrous  and  fibro-cartilagi- 
nons  tissue,  connected  with  the  opposed  surftices  of  the  vertebrse  so 
that  there  is  no  periosteum  in  this  situation.  At  the  circumference 
of  each  intervertebral  substance  the  fibrous  tissue  predominates,  and 
is  arranged  in  fibres  or  bands,  which  cross  one  another  obliquely  and 
are  arranged  in  concentric  layers  (Pb  XL  fig.  4  and  PI.  XII.  fig.  1), 
Nearer  to  the  middle  part  the  layers  become  less  distinct  and  are 
broken  up  into  detached  branching  fibres :  they  here  contain  more 
fibro-cartilaginous  and  cartilaginous  substance  in  their  structure,  with 
cartilage-cells  irregularly  dis^persed  in  them ;  and  tliere  is  a  greater 
quantity  of  interstitial  fluid.  The  latter  increases  towards  the  inte- 
rior of  the  intervertebral  substance,  so  much  that  in  the  middle  it 
forms  the  chief  constituent;  and,  being  tightly  embraced  by  the  cir- 
cumferential fibrous  and  fibro-cartilaginous  layers,  it  constitutes  a 
nncleuSj  or  fluid  cushion,  or  pivot,  which  supports  the  middle  part 
of  the  body  of  each  vertebra,  prevents  unequal  pressure,  and  forms 
the  centre  of  movement  of  one  vertebra  upon  another.  The 
tight  manner  in  which  this  central  and  more  fluid  portion  of  the 
intcn^ertebral  substance  is  embraced  by  the  circumferential  liga- 
mentous structure  is  shown  by  the  manner  in  which  it  bulges  out 
from  its  confinement  when  a  longitudinal  section  of  the  spine  ia 
made^  This  central  compressed  fluid  ball  is  most  marked  in  the 
neck  and  loins,  where  the  movements  of  the  bones  are  most  free, 
and  where  the  opposed  surfaces  of  the  bodies  of  the  vertebrae  are 


*  In  tlie  f«tal  and  yoiiDg  child  the  cenlml  cavity  m  still  more  diBtinot,  being  of 
greater  proportioniLte  sim,  and  the  contained  auid  i«  more  limpid  (PI.  IV.  fig.  t),  Thi» 
waa  obfturved  by  Rciyich,  Thetaurm  Anat.  rr.  No.  LXlir.  For  an  accurate  chemical 
and  micro»copjcal  account  of  thit  fluid  see  LoscTika,  b  Virchow*a  Arehiv,  IX»  316.  Ai 
a  general  tmI&,  tba  (Arity  dim^inkhes  and  the  intervertebral  aubatanc^  beoomea  dder 
imd  mere  dense  aa  age  advancea. 
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hollowed  out  to  afford  it  greater  space,  preBenting,  in  tliis  respect, 
some  BimUarity  to  tlie  fisli*a  vertebrae.  When  tlie  fluid  centre  is 
cleared  out  a  cavity  is  left,  surrounded  by  the  solid  fibrous  and 
fibro-cartikginous  portion  of  the  intervertebral  substance,  and 
bounded  above  and  below  by  the  cartilaginous  surfaces  of  tlie  con- 
tiguous vertebra]  bodies.  From  these  cartilaginous  surfaces  delicate 
fibres  hang  into  the  central  cavity,  containing  at  their  free  extre- 
mities cartilage-cells,  and  presenting  some  resemblance  to  the  pro* 
cesaes  whicli  hang  into  some  parts  of  the  synovial  cavities. 

Plate  XL  fig,  1,  gives  a  representation  of  a  longitu- 
dispinycdby  dinal  section  from  before  backwards  of  the  lower  three 
'  lumbar  vertebra  and  of  the  two  intervertebral  sub- 
stances between  them*  Plates  of  steel  were  inserted  between 
the  vertebrffi  before  the  section  was  made  to  prevent  their  ap- 
proximation and  the  consequent  alteration  of  the  direction  of  the 
intervertebral  fibres.    It  will  be  seen,  that  immediately  in  front  and 
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Fig  I.  Vertic&l  section  from  before  backwanis  of  lower  three  Inmbar  Terfcebrae 
and  their  intenrertebral  Bubat&noei,  showing  the  structure  of  the  latter.  See  descrip- 
tion iLbove. 

Fig.  1.  Hori2oiital  section  of  vertebral  column  in  the  middle  of  the  neck  in  recent 
■ubject.  It  has  been  maJe  through  the  int«rvertebni]  Hubatauoe  and  th&  articuhiting 
prooesaee  bo  aa  to  show  the  shape  &nd  dlrtfction  of  their  articulatLng  surfaces.  A  the 
vtieulating  proceasee  of  tbe  vertebra  above  (aU  the  rest  of  vertahra  was  above  tlifl 
section).     B  those  of  ibe  vcrtehrft  I>el4>w. 

Fig.  3.  Ditto  m  the  bftck^  through  the  lower  p&rt  of  the  body  and  tlu^ugh  {A, 
C,  D)  the  articulating  processes,  arch  and  spine  of  the  fourth  dorsal  vertebnL.  Tlie  arti* 
eulating  processes  are  disposed  in  a  curved  manner  around  the  convex  articulating 
surfaces  (B)  of  the  fifth  dorsal  vertebra.  E  the  cut  ends  of  the  fibres  of  the  liga- 
ment um  auhflavum.  F  the  transverse  processes  of  the  fifth  vertebra.  O  sections 
of  the  riba  abutting  upon  the  sides  of  the  vertebral  body. 

Fig,  4^  Ditto  in  the  loins.  A  the  articukting  processes  of  the  third  lumbar 
Tertebra,  all  the  rest  of  the  vertebra  was  above  the  section.  Their  cartilaginous  sur^ 
faces,  slightly  convex,  are  directed  outwards  and  embraced  by  {B)  the  allgfitly  concave 
furtioulating  proc^ses  of  the  fourth  vertebra,  ^  parts  of  ligamentum  subfiavuni;  other 
parts  of  this  ligament  connected  with  the  spines  and  arch  have  been  cleared  away. 
The  sectiOTi.  pasaiDg  through  the  intervertebral  substance  shows  the  conoentrtcally 
laminabed  dispoaition  of  its  fibres  near  the  circumference,  and  the  abseooc  of  distinct 
fibrous  straeture  in  the  middle. 


THE   SPINE. 


161 


I 


"behind  the  central  more  fluid  part  the  filires  ronnecting  the  opposed 
surfaces  of  the  bodies  are  slightly  bent,  the  curves  which  they 
form  having  their  concavities  towards  the  centre.  Aa  tbey  lie 
nearer  to  the  circumference  the  fibres  are  closer,  more  compact  and 
straighter;  the  outermost  are  quite  straight,  so  that  the  external  sur- 
hces  of  the  intervertebral  snlmtances  are  Hat.  It  may  be  observed, 
that  the  surfaces  of  the  bodies  of  the  vertebrae  next  the  interverte- 
bral substances  present  a  waving  line.  Tliey  recede  from  each  other 
at  the  middle,  or  a  little  behind  it  where  the  interspace  is  seen  to 
be  wndest.  They  approach  one  another  near  the  edge  where  the 
interspace  is  seen  to  be  narrowest;  and  they  again  recede  in  the  im- 
mediate neighbourhood  of  the  edge.  In  the  latter  situation  the 
intervertebral  fibres  pass  quite  straight  from  one  vertebra  to  the 
other.  If  the  bodies  of  the  vertebrie  be  approximated  to  one  an- 
other on  one  side  these  external  fibres  acquire  a  slight  degree  of  the 
same  ciirv*e  as  the  more  central  ones  at  that  part;  and  this  is  what 
takes  place  in  the  movements  of  the  column,  the  surfaces  of  the 
intervertebral  substances  being  bulged  out  a  little  in  the  direction 
to  which  the  spine  is  inclined*  I  have  made  several  sections  to 
ascertain  the  correctness  of  this  representation,  and  can  discover  no 
ground  for  the  account  given  by  Weber  in  Meckers  Arckiv  and 
also  in  the  Gehwej'kzetfge^  which  has  been  repeated  by  others,  that 
the  fibres,  near  the  middle  of  the  intervertebral  substances  are  bent 
inwards,  and  that  those  near  the  circumference  are  bent  outwards. 
The  great  thickness  and  strength  of  the  ligamentous  bands  which 
form  the  fore  part  of  the  intervertebral  substances  in  the  lower 
region  of  the  loins  is  a  provision  for  resisting  the  strains  to  which 
this  portion  of  the  column  is  necessarily  subjected  when  the  lower 
limbs  and  pelvis  are  suddenly  moved  forwards. 

The  intervertebral  substances  are  almost  extravascular  j  vessels 
having  been  traced  only  a  short  distance  into  their  outer  sheets. 
Their vwyiiig  They  vaty   a  good   deal    in  thickness   in  different 

thkkneM.  parts  of  the  column.  That  between  the  second  tand 
third  cervical  vertebrae  is  thinner  than  any  other.  They  are  very 
thin  in  the  middle  of  the  back,  or  rather  from  the  third  vertebra 
to  the  seventh.  They  are  rather  thicker  in  the  neck.  Below  the 
seventh  dorsal  vertebra  they  gradually  increase  as  we  trace  tliem 

11 
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downwards  to  the  lower  part  of  the  loins,  wlicre  their  great  thick- 
ness not  only  tends  to  break  the  jars  to  which  the  lower  part  of 
the  column  is  subjected,  hut  also  counterbalances  the  effect  which 
the  large  area  of  the  contiguous  surfaces  of  the  vertebral  bodies 
would  have  in  restricting  the  range  of  movement  of  the  hones 
upon  one  another. 

In  the  loins  the  central  succulent  or  semifluid  portions  are 
eepecially  well  developed,  and  form  a  series  of  fluid  balls  round 
which  the  respective  vertebrae  revolve  in  their  movements  upon  one 
another.  They  are  placed  nearer  to  the  hinder  than  to  the  anterior 
siu^aces  of  the  bodies^  so  as  to  be  almost  in  the  line  of  gravity  of 
the  column.  It  would  be  difficult  to  conceive  anything  better 
adapted  for  transmitting  weight  from  one  bone  to  another,  for  pre- 
venting jars,  and  permitting  some  slight  movement,  than  tliis  ball 
of  fluid  tightly  girt  by  circumferential  bands  of  fibrous  tissue. 

The  intervertebral  substances  erive  a  little  and  become 

Not  often  the  ^ 

■eatoftj^mT     flattened  out  under  the  continued  pressure  of  the  super- 

incumbent  weight  during  the  erect  posting,  so  that  a  man 

loses  one  third  or  half  an  inch  io  height  diuing  the  day.    They  are 
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Fig,  I.  Right  side  of  two  lumbw  vert«bnte  uid  of  part  of  a  third,  ahowiiig  the 
anterior  Tertebral  ligament  {A)f  the  lignraentoua  fibrea  {B}  which  run  between  the  pro- 
jecting upper  and  lower  edges  over  the  eoncave  intermediate  parts  of  e*cli  of  the  bodies 
of  the  vertebrae,  and  the  oblique  outer  fibrea  {€)  of  the  inter  vertebral  eubatance  crosgijig 
one  another.  The  foramina  {D}  on  the  aldea  of  the  bodies  transmit  vt^sels  into  their 
interior. 

Fig,  3,  Hinder  BUjface  of  the  bodies  of  three  lumbar  vortebriB,  expoaed  by  cutting 
away  the  arches.  A  A  the  ligamentuni  posticum,  which  hm  been  removed  below  to 
ehow  the  vaacular  foramen  in  the  back  part  of  the  bo<ly  of  the  vertehra.  The  Ugament 
is  thin ;  its  edge*  are  ill-defined  and  prolonged  into  the  intervertebral  foramina ;  it  la 
in  dose  contact  with  the  intervertebral  aubetanc^  and  the  edges  of  the  bodies  of  the 
T«i«bmj  but  IB  Bopftrated  from  their  middle  parta  by  fat  and  blood-vessels. 

^ig-  3-  Vortioal  section  from  before  backwards  through  the  arches  of  three  dorsal 
veitebnE,  a  little  on  one  side  of  the  Hpinea.  AAA  ligamenta  suliflava.  B  the  inter- 
spinous  ligament  between  the  extremities  of  the  spinea.  C  a  fibrous  web  connecting 
the  spinous  procofines  between  the  ligainenia  subflava  and  the  interspinous  ligaments. 

Fig.  4.  Arches  of  two  dorsal  vertebnu  with  ligamenta  Bubflava,  viewed  from 
in  front.     J  J  cut  edges  of  pedicles  of  arches.     BBB  ligamenta  subflava. 
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not  very  often  the  seat  of  dise^iae^  and  tlieir  strength  is  such,  that 
when  the  spine  is  subjected  to  a  severe  wrench,  they  are  less  likely 
to  be  injured  than  the  hones  which  they  unite.  In  advancing 
years,  though  they  become  drier,  denser  and  of  yelloT^nsh  colour,  they 
are  rarely  or  never  the  seat  of  osBific^itioii,  The  anterior  vertebral 
ligament,  and,  it  may  be  the  outermost  fibres  of  the  intervertebral 
Bubstancea,  frequently  undergo  this  change,  which,  however,  does 
not  penetrate  much  beyond  the  siurface  of  the  latter.  This  is  the 
more  remarkable  because  we  know  that  in  the  sacrum,  and  in 
the  space  between  the  body  and  odontoid  process  of  the  axis,  the 
interv^crtebral  substances  are,  in  great  part  or  entirelyj  ossified  in 
early  life, 

Ligjimenu  The  Ifgamenta  mihflava^  wbicli  consist  of  the  fibres 

•"**"*''■'  recognised  by  microacopists  as  elastic  tissue  in  a  very 
pure  form,  are  exceedingly  strong;  they  extend  between  the  arehea 
of  the  vertebrse,  and  a  short  distance  between  the  spines;  and  are 
particularly  thick  and  strong  in  the  latter  situation  in  the  lumbar 
portion  of  the  column.  They  pass  generally  from  tlie  anterior  and 
lower  edge  of  one  vertebral  arch  to  the  posterior  and  upper  edge  of 
that  below.  They  are  thickest  in  the  loins,  thinnest  in  the  neck^  and 
do  not  exist  above  tlie  axis.  Besides  their  use  as  bonds  of  union 
between  the  bones,  they,  in  virtue  of  their  high  elasticity,  permit 
that  amount  of  separation  between  the  arches  which  is  necessary 
for  the  bending  of  tlie  apine  forwards,  and  also  assist  the  muscles  in 
restoring  the  spine  fo  the  upright  position,  as  well  as  in  maintaining 
it  there.  Their  good  iufloence  in  the  latter  respect  will  be  more 
appreciated  when  we  remember  that  the  weight  of  the  viscera  and 
other  soft  parts,  which  are  disposed  in  front  of  the  column,  exerts  a 
continual  pull  tending  to  iDcnd  the  body  forward.  .  The  projecting 
spinous  processes  are  for  the  purpose  of  giving  the  interjx>sed 
yellow  ligaments  as  well  as  the  muscles  inserted  upon  tliem  a 
leverage  to  counteract  this  tendency;  and  great  assistance  ia 
afforded,  and  considerable  expenditure  of  muscular  force  is  saved^ 
by  the  presence  of  these  elastic  ligaments,  wliich  combine  to  support 
the  trunk  in  the  same  manner  that  the  ligamenium  michm  of  grami- 
nivorous animals  assists  the  cervical  muscles  to  support  the  heavy 
dependent  head. 

11—2 
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iiiterapinoui  ^'^  addition  to  the  elastic  yellow  ligaments  are  strong 

^***™'^"'**        inelastic  ligamenta  passing  between  the  extremities  of 

the  spinous   processes,    whose  oflSce   it   is   to   limit   the   bending 

forwards  of  the   column.     In  this   they   assist   the  muscles   and 

fascise   which    extend   from    the    pelvis   along   the   back   to   the 

head.      They    are    thickest    between    the    dorsal    spines,    where 

they  greatly   strengthen  the  colmnn  and  prevent  much  increase 

of  the   dorsal   curv^e   when  weight  is   placed   upon   the   head  or 

shoulders. 

In  the   sacrum  the  intervertebral   substances  corn- 
spaces  between 

•everaJ  bodies  mouly  cxist  more  or  less  between  the  several  cora- 
uidiAiofi*.  ponent  bodies,  but  they  are  encased  in  bone  and 
*^"™'  encroached  upon  by  ossification,  so  as  to  be  seen  only 

when  a  section  is  made;  and  the  interspaces  between  the  arclies  of 
this  bone,  which  correspond  to  the  parts  occupied  by  the  ligamenta 
subflava  in  other  parts  of  the  column,  arc  also,  in  great  part, 
occupied  by  bone. 

Tiie  directioQ  of  We  havc  found  that  the  intervertebral  substances 
oft^p^fBot  *^^  ^^  constructed  as  to  permit  a  slight  rolling  move- 
wgttifttedbythe  ^^jjI;  bctwccu  the  bodics  of  the  several  vertebne:  the 

lxikrT(ntebr&]  ' 

mibstaijce^  fluid  nuclcus  of  Ciich  being  the  centre  of  that  move- 
ment— the  ball  upon  which  the  socket,  formed  by  the  contiguous 
surfaces  of  the  vertebrje,  revolves;  but  it  is  evident  that  they 
have  little  or  nothing  to  do  with  the  directum  in  which  the 
movement  takes  place;  and  that  so  far  as  they  alone  are  concerned 
that  revohdng  motion  may  take  place  in  any  direction.  The 
amount  of  it,  it  is  true,  is  limited  by  the  intervertebral  substances^ 
and  by  the  contiguity  and  width  of  the  vertebral  bodies,  tliat  is, 
the  movement  is  most  free  where  the  intervertebral  substances  are 
deepest,  and  where  tlie  area  of  the  vertebral  bodies  is  smallest;  the 
former  advantage  being  afforded  in  the  loins,  the  latter  in  the  neck. 
It  is  also  most  free  in  the  direction  in  which  the  diameter  of  the 
vertebral  bodies  is  least,  viz.  backwards  and  forwards  in  the  neck 
and  loins.  But  within  the  range  thus  assigned  by  their  own  shape 
and  by  their  proximity  to  one  another  the  vertebral  bodies  are 
free  to  revolve  any  way  without  hiudrance  from  the  intervertebral 
substances. 
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Yet  we  find  upon  examining  a  verteT>ral   colunm, 
uticnkting       wliich  has  been  recently  removed  from  the  boily,  tliat 

the  directions  in  which  the  movements  do  actually  take 
place  are  limited,  and  that  they  are  not  the  same  in  different  parts 
of  the  column.  This  limitation  is  effected  by  the  shape  and  posi- 
tion of  the  aritcufating  processes^  whose  office  it  is,  in  this  manner, 
to  give  8t€<idiness  to  the  column  and  liireition  to  tlie  movements,  at 
the  same  time  that  they  do,  to  a  certain  extent,  contribute  to  bear 
the  weight  of  the  superincumbent  parts. 

In  order  to  ascertain,  for  certain,  the  direction  of 
iftMia      the  movements  of  the  different  parts  of  the  column  I 

took  out  the  entire  spine  with  the  heads  of  the  ribs  and 
the  pelvis,  the  ligaments  remaining  entire,  from  the  body  of  an 
adult,  and,  having  fixed  the  pelvis,  made  the  following  obscrv^ations* 
The  forward  and  backward  movement  was  decidedly  most  free 
between  the  third  and  fourth  and  the  fourth  and  fifth  lumbar 
Tertebrse;  that  18,  at  tlie  part  where  the  lumbar  curve  is  sharpest. 
At  this  region  the  nerv^ous  cords  are  less  closely  connected  with  the 
fore  part  of  the  vertebral  canal  than  elsewhere ;  the  spinous  processes 
are  large,  and  the  interspaces  between  them  are  free  and  filled  with 
stont  elastic  ligaments,  which  have  a  powerful  effect  in  bringing 
the  bones  back  with  a  spring  when  the  column  has  been  bent  forcibly 
forwards.  Moreover  the  projecting  pubes  and  sternum  in  front,  and 
the  projecting  sacrum  and  dorsal  curve  behind,  enable  both  the  flexor 
and  extensor  muscles  to  act  with  great  power  upon  this  part  of 
the  spine.  The  anfero-posterior  movement  became  suddenly  much 
less  above  the  third  lumbar  vertebra,  and  was  farther  diminished 
towards  the  middle  and  upper  part  of  the  back,  where  it  was  very 
slight.  It' increased  again  in  the  neck;  the  capability  of  motion 
backwards  from  the  upright  posture  being,  in  this  region,  greater 
than  that  of  the  motion  forwards;  whereas  the  reverse  was  the  case 
in  the  loins.  There  wag  not  much  movement  l>etween  the  second 
and  third  cervical  vertebrae,  the  intervertebral  substance  being 
there  very  shallow. 

Literal ifldi'  Lateral  inclination,  or  flexion  to  either  side,  was  per- 

uUoo  most      mitted  at  every  part  of  the  column,  but  was  most  fi^e 

free  in  neck  .  ^     *^ 

in  the  neck  and  between  those  lumbar  vertebrae  which 
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possessed  the  greatest  range  of  tbe  antero-posterior  flexion  and 
extension. 

Rotary  motion  was  slip-lit  in  the  neck ;  more  free  in 

tt«einnedc      the  Upper  part  of  the  back.     It  decreased  towards  the 

lower  part  of  the  baekj  and  quite  centred  between  the 

10th  and  11th  dorsal  vertebrae ;  no  rotation  at  all  being  practicable 

in  the  loins. 

Thus  the  neck  enjoj^s  each  variety  of  movement;  flexion, 
extension,  lateral  inclination  and  rntation^  the  two  former  freely, 
the  two  latter  with  moderate  freedom.  In  the  hack  there  are  also 
the  four  movements ;  hut  tlie  three  former  are  less  free  than  in 
the  neck,  and  the  rotation  ceases  at  the  lower  part*  In  the  loins 
there  is  no  rotation ;  but  flexion,  extension  and  lateral  inclination 
arc  all  verj^  free, 

Reuuoaof  Now  if  the  shape  and  position  of  the  articulating 

tiw  iiicpe  A£d    procegges  be  examined  in  the  several  parts  of  the  verte- 

podtioD  of  tlie     ^  ^ 

•rtLcuUtJng  hral  column,  tliey  will  l:)e  found  to  accord  with  the 
the movemcnta  direction  lu  wliich  tlicBc  movcmcnts  are  permitted.  The 
iBtheioiJu:      ^^^^^^  ^-^^^  ^^j.  ^]jp|.^.  "being  aji  arthrodial  joint  on  either 

side,  with  moderate-sized,  closely  pressed  surfacea,  is  of  itself 
sufficient  to  limit  the  movements  of  the  bones  upon  one  another  in 
a  great  degree.  In  the  loins  (PI.  XI.  fig;  4)  the  inferior  articulating 
surfaces^  which  are  turned  outwards  and  embraced  by  the  superior 
articulating  surfaces  on  either  side,  entirely  prevent  any  horizontal 
motion  ;  and,  forasmuch  as  a  horizontal  motion  of  the  arches  and 
articulating  processes  is  essential  to  a  rotation  of  the  body  of  the 
vertebra  upon  its  vertical  axis,  it  is  clear  that  the  direction  of  the 
articulating  processes  in  the  limibar,  and  one,  two,  or  three  lower 
dorsal  vertehrfe,  is  such  as  to  render  rotation  of  the  column  at  this 
part  impossihle*;  whereas  there  is   nothing  to  prevent  a  sliding 


^  It  is  commonly  Htatexi  that  rotatioD  le  more  f^  in  the  loixm  tlian  in  any  otlier 
part  of  the  Hpiae,  HildtbraJidt,  however,  pereeived  that  the  maDiicr  in  which  the 
inferior  nrticuLating  prooesBea  are  here  emhroced  by  the  iupeiior  processes  of  tbeTeiiebrs 
beneath  must  prevent  rotation  of  the  bones  upon  a  vertical  axis.  Sandbuek  def 
AvKiiomiff  ii.  139.  I  think  the  mistake  haa  anaen  froni  anatoniista  cibserviug  tbat  the 
inferior  articuhiting  siirfaces  of  ihtj  lumbar  vertebne  are  ovoid,  with  their  long  diameter 
from  above  downwarda,  and  convex,  and  that  thty  suemj  therefore,  ivell  adapted  for 
rotatioD  in  the  eon  can  ve  faceta  of  the  vertebr®  below  (PL  XI.  fig.  4).   But  it  h  obvious, 
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lotbebftck; 


Upwards  and  downwards  of  tlie  articulating  surfaces  upon  one  an- 
other, Tliis  sliding  permits  the  bodies  of  the  vertebrae  to  roll  for- 
wards and  backwards,  or  to  either  side,  upon  their  intervertebral 
substances,  and  is  the  movement  attendant  upon  the  antero- 
poflterior  flexion  and  extension,  or  upon  the  lateral  inclination,  of 
this  part  of  the  spine. 

In  the  back,  where  the  column  is  already  concave  in 
front,  any  farther  flexion  would  necessitate,  not  merely 
a  sliding  of  the  inferior  articulating  siu*faces  of  each  vertebra  up- 
wards upon  the  superior  ones  of  the  vertebra  beneath^  but  a  curvi- 
linear movement  of  them  round  the  upper  edges  of  the  latter,  which 
would  require,  at  the  least,  some  rounding  of  those  edges.  They 
are,  however,  particularly  sharp ;  and  the  whole  surface  of  each 
ia  quite  flat  from  abi:ive  downwards,  and  is  closely  applied  against 
the  corresponding  flat  surface  of  the  vertebra  below.  It  is  clear, 
therefore,  that  such  movement,  being  almost  incompatible  with  the 
shape  of  the  articulating  surfaces,  can  tiike  place  only  in  a  very 
limited  manner  in  the  dorsal  part  of  the  spine.  The  rotation, 
which  occiurs  here,  is  provided  for  in  the  following  way.  If  any  of 
the  upper  dorsal  vertebrsB  be  carefully  examined,  it  will  be  found 
that  its  articidating  surfaces  are  not  in  the  same  plane.  The  ti^'o 
upper  are  slanted  so  as  to  look,  not  directly  backwards  and  upwards, 
but  backwjirds,  upwards  and  outwards.  They  may  be  regarded  as 
fonning  two  portions  of  one  circle,  the  centre  of  which  is  about  the 
middle  of  t!ie  body  of  the  vertebra,  or  an  approximation  to  this 
(PL  XL  tig.  3),  The  inferior  articulating  surfaces  of  the  vertebra 
above  are  slanted  in  a  corresponding  manner — forwards,  downwards 
and  inwards — ^so  as  to  be  able  to  revolve  a  little  upon  the  superior ; 
and  this  revolving  of  the  inferior  articulating  surfaees  of  the  several 
vertebraB  upon  the  superior  articulating  surfaces  of  those  beneath, 
permits  a  rotation  of  the  bodies  of  the  vertebrae  upon  their  vertical 


Jirtl,  thAt  the  centre  of  Miy  such  rotary  motion  must  be  bo  me  where  to  the  median  line 
behind  the  vertebral  canal,  which  would  involve  ii  shifting  of  the  vertebral  bodiea  upon 
OOe  anoiher  m  a  horizon taJ.  plane  quite  incompatible  with  the  structure  of  the  inter- 
▼ertobnl  mib§tance8  ;  tecondl^f  that  this  diiipoaitioQ  of  the  articulating  facets  will  pre^ 
vent  horizontal  rotation  of  oiio  vertebra  npim  the  other  around  any  other  axis  than 
the  one  just  indicated,  and,  therefore,  that  it  l»  incompatible  with  the  only  honxontal 
rotation  which  the  intervertehral  sulietances  permit^  that,  namely,  upon  mn  axLa  drawn 
ihrcmgh  their  own  oentral  fluid  nucki. 
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ftxes,  and  gives  to  the  dorsal  part  of  the  column  that  rotary  motion 
which  I  have  described  to  belong  to  it. 

In  the  neck  the  greater  obliquity  of  the  articnlatins: 

In  tlic  neck.  ^  ,  .  ,  1  t      1  1-11 

surfaces,  together  with  a  lateral  slant  which  they  ex- 
hibit, similar  though  in  an  opposite  direction  to  that  in  the  back, 
and  the  rounding  off  of  the  upper  edges  of  the  superior  ones,  per- 
mits the  movements  requisite  for  flexion  and  extension,  as  well  as 
those  for  sliglit  rotation  of  the  bodies. 

In  the  whole  length  of  the  vertebral  column  the  articulating 
surfaces  are  so  arranged  as  to  permit  slight  lateral  inclination  j 
though  tlie  presence  of  the  ribs  renders  it  more  limited  in  the  back 
than  in  the  neck  and  loins. 

In  addition  to  their  synovial  capsules,  these  joints  are  provided 
with  strong  fibrous  ligaments  binding  the  margins  of  the  opposed 
articulating  surfaces  together.  In  the  back  the  direction  of  these 
ligamentous  fibres  is,  for  the  most  part,  vertical;  in  the  loins  it 
is  transverse;  in  the  neck  it  is  oblique. 

Fncturaiutd  So   powcrfid   arc   the    ligamentous    bands   uniting 

DiJiooitioiis.  ^jj^  several  parts  of  the  vertebrse  together,  and  such  is 
tlie  disposition  of  the  articulating  processes,  that  dislocation  of  the 
bones  is  a  comparatively  rare  occurrence;  surprisingly  rare,  wlien 
we  consider  the  weights  which  the  spine  is  made  to  oarry,  the 
blows,  wrenches  and  shocks  to  ^vhich  it  is  subjected,  and,  more 
particularly,  when  we  remember  the  length  of  the  column.  It  is, 
in  great  measure,  indebted  for  this  immunity,  as  already  stated,  to 
the  number  of  pieces  of  whicli  it  is  composed,  to  the  powerful  and 
jet  elastic  bands  which  unite  those  pieces  together,  as  well  as  to  the 
wavy  line  in  w^hich  they  are  arranged  upon  one  another. 

When  dislocation,  or  disjimction,  of  the  vertebrae  does  tiikc 
place,  it  is  almost  invariably  attended  with  fracture,  either  of  the 
bodies,  the  arches,  or  the  articulating  processes  of  the  vertebrae,  not 
unfrequently  of  all  three.  A  few  exceptional  instances  have  been 
recorded  in  wliich  dislocation  of  the  bones  of  the  neck  was  imat- 
tended  with  fracture'.    But  even  in  this  region,  where  the  direction 


^  Mr  WitUama  htm  coUected  some  cases  of  dialocation  of  the  cervical  Tertebna 
witljout  fracture:  Medical  Timet  and  GazdU,  August  15th,  1857,  Tlie  most  frequent 
seat  of  the  accident  m  between  the  fifth  and  eixtb  vertebne. 
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of  the  articulating  processes  is  such  as  to  permit  dislocation  more 
easily  tlian  in  any  other  part  of  the  column,  the  displacement  is 
attended  with  fracture  in  by  far  the  greater  number  of  cases. 
Hence  we  are  in  the  habit  of  using  the  terms  **  dislocation  of  the 
Tcrtebrffi'*  and  **  fracture  of  the  spine ''  as  almost  synonymous* 

It    is    worthy    of  remark    tliat    the    direction    in 

Dtrecttonln  .  . 

whieb  dispiiee-  which  the  spine  gives  way  is  almost  invariably  the 
same;  the  upper  portion  is  driven  forwards  upon  the 
lower,  so  that  the  cord  is  jammed  between  the  upper  edge  of  the 
body  of  the  vertebra  below  and  the  lower  edge  of  the  arch  of  the 
vertebra  next  above  the  fracture^.  It  is  possible  that,  where  the 
displacement  is  slight,  the  cord  may  escape  injury;  but  that  must 
be  a  veiy  rare  occurrence*. 
WtAntynji^r  ^  cursory  glance  at  the  skeleton  is  suiBcient  to 
ibaoOitiiiii.  reveal  that  the  junction  of  the  dorsal  with  the  lumbar 
portion  of  the  column,  iiicViiding  the  lower  two  dorsal  and  the 
upper  one  or  two  lumbar  vertebra,  is  the  weakest  part  of  the  spine. 
It  is  so,  ^first,  Ijecause,  although  it  has  to  bear  nearly  as  great 
weight  as  the  part  of  the  column  below  it,  its  vertebrsB  are 
disproportionately  small .  Seeondlif^  because  the  transverse  pro- 
cesses  are  here  very  short,  while  the  long   transverse  processes 


*  The  only  exeepiioi]  to  this  tbat  I  have  read  of  is  ' '  ji  case  of  fM»rfect  nnkyloflifi  of 
the  five  auperior  ocdrical  Tertebrae  to  each  other,  with  dislocation  Iwiok wards  of  the  fifth 
from  the  sixth,  without  fracture,**  rekted  by  Mr  Stephen  S.  Stanley,  in  the  56th 
Tolume  of  the  Edinburgh  Medical  and  SurgiaU  Joumaf.  In  a  case  which  occurred  in 
tny  own  practice,  where  three  ankyloaed  cervical  vertebne  were  dislocatetl  from  the 
one  b^ieatb,  the  disphLcemetit  took  place  in  the  nBual  direction.  I  find  Id  Ltie  Musmun 
Ht  Boon  a  preparation  in  which  the  fourth  lumbar  vertebra  is  driven  b^ind  the  fifth* 
It  b  rcprei!ente<f  in  Alber's  Atlas  der  Path.  Anai.  Bonn,  1847. 

'  I  am  not  aware  that  the  spine  haa  ever  bcten  broken  by  the  direct  contractile 
foroe  of  the  moacles.  Thi;  nearest  approach  to  aucli  an  accident  that  I  have  Been 
recorded  ia  a  cam  related  by  M.  Lasalle,  quoted  from  the  GasfUt  M^dicttie  in  the  13th 
Toluma  of  the  BrUhh  and  Foirigu  Medical  Review,  A  man,  set.  36,  in  a  furioua  state 
of  mania,  wa«  confined  in  a  chair  by  means  of  atmpi.  After  making  vanouB  ffiforbi  to 
break  from  bia  confinement,  he  threw  his  head  forcibly  backwardii,  and  then  flimg  it 
with  great  violence  forwardn.  After  tbia  last  movement  the  bead  remainixi  bent  on  the 
neck,  and  hia  limbs  were  cnm|iletely  paralysed.  On  exatnlnation  after  death,  which 
occurre<i  thirty^six  hours  after  theae  events,  a  aoluiion  of  continuity  was  found  between 
the  fifth  and  sixth  cervical  vertebrse.  The  ligaments  and  intervertebral  eubetance  were 
tcMH,  and  the  left  transverse  proceaa  of  the  sixth  vertebra  wa«  broken. 
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in  the  lower  part  of  the  loins,  added  to  the  projecting  cre«t  of 
the  ilium  below,  and  the  folse  and  true  riba  above,  afford  to  the 
aeveral  muscles  a  powerful  leverage,  on  either  side  and  in  front, 
against  this  region.  Thirdltf^  the  spinous  processes  are  also  short, 
though  they  have  often  a  bifid  tendency  at  their  extremities;  so 
that  an  examination  of  the  line  formed  by  the  spinous  processes 
shows  this  to  be  the  most  concave  part  of  the  dorso-lumbar  curve. 
It  is  seen  to  be  &o  in  the  living  body,  forming  what  is  called 
the  **  hollow  of  the  back;"  and  the  circumference  of  the  trunk  at 
this  part,  *'  the  waist/'  is  less  than  elsewhere.  Fourthly y  it  is  near 
the  middle  of  the  column;  so  that  a  greater  length  of  leverage 
can  l>e  brought  to  bear  against  it  than  against  any  other  part, 
Fffihly,  the  component  segments  of  the  portion  of  the  spine  above 
it  are,  comparatively,  fixtures.  Every  now  and  then  we  are  awak- 
ened to  a  sense  of  the  weakness  of  this  portion  of  the  c oilman  by 
the  sudden  jar  whicli  is  felt  here  on  making  a  false  step,  or  slipping 
off"  the  pavement.  Here  fatigue  is  felt,  and  aching  in  the  pre- 
liminary stages  of  ague  and  fever.  The  labouring  man  still  "  girda 
up  his  loins"  with  a  belt,  and  the  nurse  thmks  to  strengthen  this 
part  of  the  infant  by  enveloping  it  in  a  *' swathe.'*  She  is  conscious 
that  it  is  a  weak  point  witli  the  child ;  and  she  knows  that,  if  he  be 
nursed  improperly,  tlie  spine  will  be  bowed  backwards  licre.  Frac- 
tures are  of  more  common  occurrence  here,  than  at  any  part  of  the 
column,  probably  than  at  all  others  put  together,  A  man  was 
carrying  a  heavy  sack  of  beans  for  a  wager.  His  back  broke 
under  the  weight,  and  he  fell.  I  found  the  last  dorsal  vertebra 
driven  forwards  upon  the  first  lumbar.  It  is  the  part  most  fre- 
quently strained,  and  is,  consequently,  often  the  seat  of  disease 
lea^ling  to  caries,  the  formation  of  psoas  and  lumbar  abscesses,  &c. 
Weak  point  Another  weak  point,  though  less  so  than  tljc  pre- 

inbdck  ceding,  13  to  be  found  at  the  dorsal  curve,  where  frac- 

ture is  not  a  very  uncommon  occurrence,  and  where  angular  curva- 
ture  is  more  frequent  than  at  any  other  part.  In  a  considerable 
Anmiiar  majority  of  cascs  of  humpback,  the  humpj  formed  by 

mnrature.  ^}jg  projecting  arches,  is  between  the  shoulders,  and  is 
caused  by  the  bodies  of  the  middle  dorsal  vertebrfe,  or  those  a  little 
above  or  a  little  below  the  middle,  having  given  way  under  the 
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superincumbent  weiglit,  and  yielded  to  the  processes  of  absorption 
L,,^^^  or  ulceration.     1  think,  too,   that  in  lateral  curvature, 

*=™^*'**™-  except  when  it  results  from  disease  of  the  hip-joint, 
pelvis,  or  lower  limbs,  the  first  deviation  from  the  proper  line 
usually  takes  place  liere^  The  principal  deflection  is  at  or  near 
this  part  J  and  the  curves  above  and  below,  whicli  apfiear  to  be 
compensatory,  or  secondary  to  it,  and  which  are,  consec|ucntly,  in 
an  opposite  direction,  are  mucli  less  sharp,  the  two  being  only  suf- 
ficient to  counterbalance  tlie  effect  of  that  primary  one,  and  to 
maintain  the  head  erect. 

tbsmir^  ^^  ^^^^^  deformity,  although  it  is  called  *' lateral  cur- 

twiat  vature/*  the  deflection  is  not  truly  lateral.     It  is  not, 

strictly,  the  sides  of  tlie  Ixxlies  tliat  yield  and  become  compressed, 
but  the  hinder  parts  of  the  sides,  or  the  points  of  eouduence  of  the 
arches  and  bodies,  where  the  vertebrae  remain  cartilaginous  and  soft 
after  the  rest  of  the  bodies  and  arches  have  become  ossified.  In 
consequence  of  these  parts  yielding,  the  bodies  become  twisted  or 
rotated  a  little  to  the  ojipositc  side.  In  this  hOiM  of  the  vertebra?, 
which  is  an  almost  constant  accompaniment  of  lateral  curvature, 
the  bodies  are  turned  away  from  the  concavity  of  the  curve,  both  in 
the  primary  and  in  the  tiJ^^o  secondary  deflexions,  so  as  to  give  an 
appearance  of  spiral  twist  to  the  whole^. 

On  the  concave  side  of  the  curve,  the  intervertebral 

Oomprcisioii 

AfvwteiinBiiii   spaces,  aa  well  as  the  bodies  of  the  vertebrae,  are  ren- 
dered  more  or  less  shallow   by  compression,  and  tlie 


^  I  do  not  mean  timt  there  is  aotuoUy  mucb  diSerence,  in  poiot-{»f  time,  tj«iwG€U 
the  foimation  of  the  throe  curves  whloli  »re  commonly  found  in  these  cases.  They  miMt 
ftU  begiiTi  ftt  ftbout  the  Rsmo  time  and  proceed  pari  ptumt^  otherwise  on  inclination  of  the 
Imd  to  one  side  would  t>e  an  early  Bymptoio  of  the  disease,  which  we  know  it  is  not. 
The  elevation  of  one  shoulder  ftud  tbe  projection  of  the  inferior  angle  of  otm  scapula 
ftre  the  points  which  in  most  rmcin  first  fttti^ct  attention.  I  mean  that  the  yielding  of 
the  dorsal  Tertebne  is  the  cause  of  the  yielding  fwd  Accompanying  curvature  in  the 
neck  and  loins;  the  fact  of  the  primary  dorsal  curra-ture  being  ao  generally  to  the 
right  side  is  owing  to  there  being  ntttnrAlly  a  slight  bend  in  this  direction  (page  155), 

•  Bee  my  Lectures  on  Surgery  in  PrmK  Med^  and  Sur^.  JourwU,  1850,  p.  145. 
This  twist  in  the  column  attendant  on  lateral  curvature  presentB  iotme  amiilarity  to  the 
*'revolYing  spinii/'  rotaiiij  itpinafj  which  occurs  as  a  oongenitAl  dispomtion  in  some 
animals,  more  particularly  in  cidves ;  such  deformity  ia,  however,  rery  r»rely  congenital 
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edges  of  the  latter  are  protruded,  squeezed  out  as  it  were,  so 
as  to  project  beyond  the  intervertebral  substances*  In  some 
bad  cases  these  protruded  edges  become  united  to  one  another 
by  bridges  of  bone  thrown  over  the  intervertebral  spaces,  so  as 
to  cause  complete  ankylosis,  and  render  ineffectual  all  attempts 
to  restore  the  parts  to  a  proper  position.  The  compressed  ribs 
may  become  united  in  a  similar  manner,  forming  one  mass  of 
bone  perforated  by  the  nerves  in  their  passage  fix)m  the  interver- 
tebral foramina.  The  deformity  takes  pliKie  usually  about  the 
AiTOcUted  ^™^  ^^  puberty.  Though  often  associated  with  rickets, 
withricketi.  jLft^f  a  certain  period,  I  hare  not  seen  this  **  lateral 
curvature"  of  the  spine  in  any  of  the  rickety  skeletons  of  foetuses 
or  very  young  children.  The  rtexure  which  occasionally  takes 
place  in  them  is  **  antero-posterior,^*  the  spine  being  bowed  back- 
wards, but  this  generally  diminishes,  and  the  spine  acquires  its 
proper  form  as  the  child  grows  older  and  stronger. 
Senile  cuTT*-  "'-  ^^^^  ^aid  that  the  line  of  gravity  of  the  head, 

ttire.  passing  through  the  odontoid  process  and  the  points  of 

confluence  of  the  spinal  curves,  falls  a  little  in  front  of  the  promon- 
tory of  the  sacrum.  This  applies,  of  course,  only  to  the  upright 
posture*  In  the  stooping  postures  necessary  for  so  many  occupa- 
tions the  line  of  gravity  falls  in  front,  often  considerably  in  front, 
of  these  points,  and  is  maintained  so  during  great  part  of  the  day. 
Hence  the  fore  part  of  the  bodies  of  the  vertebra?  have  to  bear  a 
greater  pressure,  and  the  elastic  ligaments  and  the  muscles  con- 
nected  with  the  arches  and  spines  are  subjected  to  a  greater  amount 
of  tension,  than  we  should  calculate  if  we  considered  the  erect 
position  as  the  common,  or  natural,  position  of  the  human  spine. 
It  is  the  usual  position  in  walking  or  carrying  weights;  but  is 
not  ordinarily  maintained  in  sitting  and  in  following  our  various 
avocations.  The  muscular  and  ligamentous  structm^s  running 
from  point  to  point  between  the  pelvis  and  the  occiputj  being  tlms 
subject  to  frequent  and  long-continued  tension,  are,  especially  in 
persons  with  long  backs,  liable  to  become  strained  and  weakened. 
They  are  also  often  the  seat  of  liunbago  and  other  rheumatic  affec- 
tions, by  which  they  are  still  further  weakened  and  rendered  unable 
to  contribute  their  proper  share  of  help;  and  they  consequently  allow 
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an  undue  amoimt  of  weight  to  fall  upon  the  fore  parts  of  tlie  bodies 
of  the  vertebrm,  which,  in  course  of  time,  yield  aud  undergo  absorp- 
tion, causing  the  apine  to  be  bowed  backwards.  This  change  be- 
gins in  the  back;  and,  accordingly,  the  bent  back  is  one  of  the  well- 
known  features  of  age  ^  It  may  extend  beyond  the  back,  affecting 
the  neck  and  loins,  reversing  the  natural  cur\'e8  in  them,  and 
causing  them  also  to  he  bent  backwards,  A  good  illustration  of 
this  condition  is  fimiished  by  a  specimen  of  the  spine  of  an  old 
woman,  preserved  in  the  museum  of  the  College  of  Surgeons.  It 
presents  an  uninterrupted  and  nearly  uniform  curve  from  the  sacrum 
to  the  atlas.  Another  senile  change,  ahowTi  by  the  same  prepa- 
ration, which  may  result  from,  or  at  any  rate  is  often  associated 
with,  this  alteration  of  the  curves  and  undue  pressure  upon  the  fore 
parts  of  the  vertebral  bodies,  is  the  presence  of  bony  outgrowths 
springing  from  the  edges  of  the  bodies,  bridging  over  the  inter- 
vertebral substances,  ankylosing  the  vertebrae  to  one  another, 
and  affording  support  along  the  arc  of  the  curve.  The  arches  of 
the  vertebrae  are  occasionally  united  by  bone  in  cases  of  angular 
and  severe  lateral  curvature,  and  also  after  fracture;  but  not,  that 
I  am  aware,  as  a  result  of  age*. 


Feculiaritlea 
of  the  lumb&r 
Tertebne; 


It  may  be  well,  in  conclusion,  to  enumerate  briefly 
the  peculiarities  of  the  several  vertebrae,  though  most  of 
them  have  been  already  mentioned.  The  lumbar  bodies 
are  large  and  very  cancellous,  elongated  transversely,  particularly 
near  their  hinder  parts,  and  deeper  in  front  than  behind.  Their 
upper  and  lower  surfaces  are  concave,  the  cups  being  deepest  at  a 
point  nearer  to  the  hinder  than  the  anterior  edge.  Their  hinder 
aspects  are  concave;  and  in  their  whole  circumference,  especially 


^  It  sometimes  hegtns  in  the  neck,  the  chin  poking  forward  mnd  ajiproaishing  the 
ttertmm, 

*  Ad  eXMtiple  of  aukylofiia  of  the  arches^  &8  well  a»  of  thu  bodies  of  &I1  the  ceryic&l 
&&d  the  uppefT  tWQ  dors&l  vertebne^  ia  given  bj  Himdifortj  Mm.  AncU.  u.  Tab.  15. 
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at  the  sides,  they  are  more  hollowed  out  than  the  other  vertebras. 
The  arches  stand  directlj  backwards  from  the  bodies  midway  be- 
tween thtiir  tipper  and  lower  sm-faces,  and  enclose  a  wide  and  deep 
verteirai  canal  iind  large  oval  intei^ertebral  foramina.  The  trans'- 
verse  jn-ocesses  are  long  and  stand  out  nearl}'  horizontally,  with  a 
Blight  inclination  forwards  and  upwards  which  increases  in  the  lower 
one5 ;  they  are  often  developed  from  separate  nuclei ;  their  inferior 
tubercles  are  scarcely  to  be  seen ;  their  superior  ones  are  appended 
to  the  upper  articulating  processes,  and  are  developed  thei^  from 
separate  nuclei.  This  gives  great  prominence  to  the  superior  arti- 
culatinff processes,  which  stand  out  boldly;  their  articulating  facets, 
which  are  a  little  concave  from  before  backwards,  look  almost 
directly  luw^ards,  and  severally  embrace  the  inferior  articulating 
processes  of  the  vcrtebrtc  above,  which  are  adapted  to  them.  The 
spinous  processes  are  large  and  squared*  There  is  much  uniformily 
between  the  several  lumbar  vertebrae.  The  5th  is,  however,  cha- 
racterized by  the  sraallness  of  its  spinous  process,  by  the  shortness 
and  thickness  of  its  transverse  processes,  by  the  want  of  depth  of 
the  hinder  part  of  its  body,  and  by  the  wide  interval  between  it*j 
inferior  articulating  processes. 

The  dorsal  bodies  are  prolonsjed  forwards  so  as  to 
give  their  horizontal  section  a  conical  or  cordate  shape. 
Their  upper  and  lower  surfaces  are  nearly  parallel;  tliey  are  flat 
behind  and  not  much  hollow^ed  out  at  any  part  of  their  circum- 
ference. The  articulating  facetg  for  the  heads  of  the  ril>s,  wdiich  are 
situated  upon  tlie  prolonged  pedicles  of  the  arches,  acquire  a  rela- 
tively higher  position  as  they  are  traced  upwards;  in  the  low^cr  two 
they  are  large  and  placed  upon  the  pedicles  of  their  respective  ver- 
tebrse;  higlier  up  they  cover  the  intei'vertebral  space  and  encroach 
upon  the  vertebra  above,  doing  this  more  and  more  till  we  arrive  at 
the  first  vertebra,  to  which  the  small  head  of  the  first  rib  Is  usually 
confined.  The  arches^  thick  and  closely  packed  together,  enclose  a 
small  and  nearly  circular  vertebral  canal,  and  ovoid  intervertebral 
foramina.  Their  pedu-Ie^^j  very  tlnck  in  the  lower  two,  diminish  and 
acquire  a  higher  level  in  the  upper  ones,  with  an  oblique  slant  for- 
wards. The  trajisverse  processes  are  long,  slanted  backwards,  and 
bulge  at  their  extremities  into  the  three  tubercles — the  coskilj  the 
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of  thcoerrical; 


lie  tnfirtot% — wbicli  three  elements  are  very  distioct 
in  the  12th  vertebra,  where  the  neck  of  the  transvei'se  process  is 
deficient.  The  articulating  facet  for  the  rib,  wanting  on  the  lower- 
most two,  is  flat,  or  a  little  concave  transversely,  and  borne  upon  a 
prominence  near  the  npper  edge  of  each  of  the  next  sncceeding  trans- 
verse processes,  and  is  concave  firora  above  downwards  and  situated 
near  the  lower  edge  in  each  of  the  upper  dorsal  vertebra?.  The  arti- 
culating processes  are  prolonged  upwards  and  downwards  from  the 
arches  in  a  nearly  perpendicular  direction,  Thej  present  flat  facets 
which  look  backwards  and  forwards,  and  at  the  same  time  a  little 
outwards  or  inwards  so  as  to  permit  a  slight  rotation.  The  lower 
articulating  facets  of  the  12th  (sometimes  of  the  11th  also)  are  di- 
rected outwards  and  are  slightly  convex  like  those  of  the  lumbar 
vertebrae.  The  spinous  processes  are  sloped  much  downwards,  espe- 
cially from  the  4th  to  the  8th,  so  as  to  overlap  one  another ;  they 
are  of  rather  triangular  shape,  thick  at  their  extremities,  and,  in  the 
lowermost  t\\*o  are,  more  or  less,  bifid. 

The  cervical  botiies  are  small,  comparatively  dense, 
elongated  transversely,  and  flattened  in  front,  with  their 
lower  and  anterior  edges  prolonged  downw^ards,  so  that  each  over- 
laps the  fore  part  of  the  vertebra  below.  Their  upper  and  lower 
surfaces  (particularly  the  latter)  are  concave^  from  before  backw^ards, 
or  the  lower  one  is  concave  and  the  iipi>er  one  is  flat.  Transversely 
they  are  concave  above  and  convex  below.  The  lateral  portions, 
which  are  not  on  the  same  plane  as  the  other  parts  of  the  bodies, 
are  contributed  by  the  pedkks  of  the  arches.  The  arches  take  a 
lateral  direction  on  first  leaving  the  bodies  and  then  make  a  con- 
siderable sweep,  so  as  to  enclose  a  wide  and  deep  vertehral  canal. 
The  t7'ans verse  j^rocesses  are  double;  those  in  fr<3nt,  which  represent 
the  ribs  of  the  dorsal  vertebrae,  and  are  sometimes  developed  from 
separate  nuclei,  are  ossified  to  the  vertebrae  and  are  joined  tx>  those 
behind  by  a  lamina  of  bone  so  as  to  enclose  the  foramen  for  the 
vertebral  artery.  The  articulating  surfaces  are  disposed  soraewiiat 
like  those  of  the  back,  but  are  more  oblique  from  above  down- 
wards, and  the  processes  which  bear  them  are  less  prolonged.  The 
spinous  processes  are  bifid,  except  that  of  the  last,  which  is  long 
and  single. 
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In  the  atlas  the  body  is  detached  to  form  the  odontoid 

of  Ihe  *tlB6 1 

process  of  the  axis ;  and  the  pedicles  of  the  arches,  or 
their  epiphyses,  running  in  front  of  it,  unite  to  form  the  anterior 
part  of  the  bone.  The  vertebral  canal  is  wide.  The  binder 
laminfe  of  the  arches  are  narrow,  nearly  cylindrical  and  sloped  a 
little  upwards;  and  the  spinous  process  is  abortive.  The  upper 
articulating  surfaces  are  adapted  to  the  occipital  condyles;  the 
lower  ones  are  plane  or  slightly  convex  to  play  upon  the  facets 
of  the  axis.  Both  are  placed  very  forward,  so  that  the  nerves  paas 
out  behind  instead  of  in  front  of  them ;  the  latter  being  the  case  in 
all  the  other  vertebrse.  The  transverse  process  is  not  bifid  at  the 
extremity,  though  it  is  perforated  by  the  vertebral  artery. 

The  atlas  varies  a  good  deal  in  size  and  shiipc  in  different 
individuals,  also  in  the  size  and  shape  of  its  upper  articular  facets; 
in  some  instances  these  are  divided  more  or  less  completely  by  a 
groove  extending  across  them;  in  some  they  are  placed  far  back, 
while  in  some  they  extend  so  far  forwards  as  nearly  to  touch  the 
articiilar  facet  for  the  odontoid  process.  Sometimes  a  process  arches 
backwards  from  them  on  either  side  over  the  vertebral  artery,  a 
peculiarity  wliich  derives  interest  from  its  being  usually  present  in 
quadrumanous  and  carnivorous  animals. 

The  axis  carries  the  odontoid  process.  The  fore  part 
of  its  body  is  much  prolonged  dowiiwards,  and  presents 
a  deep  depression  on  either  side  of  the  middle  line.  The  anterior 
extremitiea  of  its  pedicles,  which  are  advanced  a  good  deal  forwards 
and  which  embrace  the  root  of  the  odontoid  process  as  well  as  its 
own  body,  are  sometimes  developed  from  separate  centres.  Its 
upper  articulating  surfaces,  large  and  slightly  convex,  are  in  a  plane 
considerably  anterior  to  its  lower  ones.  Its  arch  and  spinous  pro- 
cess are  thick  and  prominent,  and  the  vertebral  canal  has  a  great 
antero-posterior  diameter.  The  transverse  processes  are  commonly 
double  like  the  others,  though  the  hinder  parts  are  thin  and  some- 
times deficient ;  they  are  not  bifid  at  their  extremities. 
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FonnAlioa  of 
prtmordJAl 
cerebnl  cap- 
tuk. 


The  mode  of  development  of  the  skull  has  been 
made  the  subject  of  acciirate  investigation  by  several 
obaervers,  more  particularly  by  Rathke*  and  Eeichert". 
It  appears  that  the  cliorda  dorsal  is  is  continued  forwards 
from  the  spine  under  tlie  base,  and  teTininates  in  a  pointed  manner 
near  the  fore  part  of  the  sknlL  The  eercbnmi  ia,  at  an  early  period, 
enclosed  in  a  membranous  capsule  which  is  connected  beneath  with 
the  termination  of  the  chorda  dorsalis*  This  membnmous  capsule 
is  not  the  same  as  the  dura  mater,  but  a  coating  extenial  to  it  and 
in  close  contact  with  it.  It  is  moulded  upon  the  brain,  and  pre- 
sents eminences  and  intervening  shallow  transverse  depressions, 
corresponding  with  the  three  chief  ]>rimarj'  vesicles  of  that  organ. 
The  cerebral  portion  of  the  skull  is  thus  far  formed  before  there  is 
any  appearance  of  tlic  fiicial  part.  Soon,  however,  processes  jut 
out  from  it  on  either  side  of  the  median  line,  which  grow  down- 
wards, incline  towards  one  another,  and,  uniting  so  as  to  form  a 
series  of  inverted  arches,  constitute  the  primordial  structure  in 
which  the  face  is  developed. 

These  processes  are  four  or  five  on  either  side.     The 
thafBOB.  fiistj  or  foremost,  gi'owing  from  the  anterior  part  of  the 

^^^  cerebral  envelope — the  forehead — is  called  the  ''  frontal 
process."  It  is  included  between  the  eyes  and  consists 
of  three  plates.  One  plate,  situated  in  the  median  line  and  named 
the  **raid  frontal"  or  **  nasal' '  process,  is  continuous  with  the  middle 
part  of  the  base  of  the  skull;  it  grows  downwards  and  forwards,  and 


*  Ud>er  die  Enitcickelunff  da  Schiidds^  Konigsbei-g^,  1839. 

•  Ut^m'  du  VUceroIbogen  der  Wirbdthiere,  Miiller'a  ArchiVf  1837;  and  Vergleick' 
Cfwle  Entmck€l»nff»ff6ichich(e  det  Kopfet  dtr  ntxehtn  Amphibient  Konigiberg,  1S48. 
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fonns  the  septum  of  the  nose ;  and  in  it  are  apparently  developed 
the  nasal  bones,  the  median  plate  of  the  cptlimoid,  the  septal  air- 
tilage,  the  vomer  and  the  intermaxillar}*  bones.  The  lateral  platea, 
separated  from  the  median  plate  on  either  side  by  a  slight  interval 
or  furrow  whicli  forms  the  upper  part  of  the  nasal  passage,  also 
grow  downwards  and  forwards  in  the  same  direction  with  the 
median  plate  and  parallel  with  it,  but  do  not  proceed  so  far ;  they 
form  the  iimer  walls  of  the  orbits,  and  in  them  are  developed  the 
lachrymal  hones  with  the  ossa  plana  and  lateral  masses  of  the 
aethmoid  bone. 

The  second  pair  of  processes — called  the  **  superior 

The  !i\iiJ*r!or  i»   i  •  •      j*  i 

inAxOiATT  maxulaiy  processes  because  the  upper  jaw  is  formed 
procewes.  j^  them  with  the  palate  and  malar  bones — spring  from 
the  base  of  the  skull,  a  little  further  hack,  and  grow  forward 
beneath  and  on  the  outer  side  of  the  eyes,  so  as  to  include 
the  orbits  between  themselves  and  the  frontal  process.  Ha™g 
descended  a  certain  distance  they  incline  inwards  to  meet,  and 
unite  with  the  lateral  plates  of  the  frontal  process ;  they  thus  shut 
off  the  orbits  from  the  nasal  ca\^tieaj  and,  continuing  their  course 
forwards  and  inwards  beneath  the  lateral  plates  of  the  frontal  pro- 
cess, they  form  tlie  lower  part  of  the  outer  wall  of  the  nasal  cavities 
and  reach  the  mid-frontal  process.  They  soon  become  united  with 
the  fore  part  of  the  latter  through  the  medium  of  the  mass  in  which 
the  intermaxillary  bones  are  developed.  The  nasal  cavity  thus 
becomes  closed  below  at  its  fore  part,  and  the  circle  for  the 
alveolar  arch  is  completed.  Subsequently  the  palatine  laminee, 
shooting  from  the  inner  sides  of  this  arch,  approach  one  another, 
and,  uniting  with  the  vomer,  or  with  one  another  beneath  it,  form 
the  roof  of  the  mouth  and  the  septum  between  the  nasal  and  oral 
carities* 

Thetnferi  '^^^  *'^^^*^  ^^    ^  iufcrior  maxillary"  processes  are  at 

maxyi*ry  their  origin  closely  connected  with  the  preceding,  so 
closely  that  they  are  considered  by  Eeichert  to  proceed 
from  the  same  spot  with  them,  and  to  form  with  them  the  Jtrst 
visceral  arch.  At  their  origin  they  are  situated  just  beneath  the 
Gasserian  ganglion  of  the  5th  pair  of  nen^es,  which  is  of  large  size 
at  tliis  early  period.     The  inferior  maxillary  process  of  each  side 
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grows  do^mwards,  like  the  superior  maxillary  process,  and  inclines 
towards  the  median  line^  so  as  to  meet  its  fellow  of  the  opposite  side 
and  form  the  arcli  of  the  lower  jaw. 

Urt  hyoidean  ^  foiir th  pair  of  processes— the  **  superior  hyoidean '  *— 

^*™*"^'  growing  from  beneath  the  auditory  vesicle,  take  a 
course  parallel  with  that  of  the  inferior  maxillary  processes.  They 
constitute  the  second  visceral  archj  and  fonn  the  basis  of  the  styloid 
processes  the  stylo-hyoid  ligaments  and  the  leaser  comua  of  the 
hyoid  bone.  The  first  and  second  visceral  arches— that  is  to  say, 
the  primordial  elements  of  the  lower  jaw  and  of  the  stylo-hyoid 
apparatus^ — arc  separated  from  each  other  by  the  first  visceral  clefts 
which  is  soon  closed  at  the  lower  part  by  the  union  of  the  con- 
tiguous edges  of  the  visceral  arches.  At  its  upper  part  the  cleft 
remains  open,  forming  a  channel  of  communication  between  the 
pharynx  and  the  exterior  of  the  side  of  the  neck.  The  part  of 
this  channel  next  to  the  pharynx  is  subsequently  converted  into 
the  tjmpanic  cavity  and  the  enstachJan  tube ;  the  middle  part  ia 
surrounded  by  the  tympanic  portion  of  the  temporal  bone,  and  is 
intemipted  by  the  tympanic  membrane  growing  across  it ;  and  the 
outer  part  becomes  the  external  auditory  passage,  and  is  expanded 
into  the  external  ear* 

Behind,  and  parallel  with  the  superior  hyoidean  processes,  near 
to  them  but  separated  from  them  at  first,  on  either  side,  by  the 
second  visceral  clefiy  are  the  "inferior  hyoidean  processes/'  which 
make  the  ihtrd  visceral  arch.  They  are  said  to  form  the  basis  of 
the  great  comua,  and  the  body  of  the  hyoid  bone.  They  are 
closely  connected  with  the  second  visceral  arch ;  and  the  visceral 
cleft,  between  them  and  it,  is  obliterated  in  its  whole  length  at 
a  very  early  period.  They  are  separated  from  the  thoracic  visceral 
archy  which  is  formed  immediately  behind  them,  by  the  third 
visceral  cleji;  and  this  also  is  soon  filled  up. 

A  quantity  of  formative  material  is  laid  down  upon  the  conca- 
vities of  these  several  processes,  especially  upon  the  part  where  they 
meet  in  the  middle  line  to  complete  the  visceral  arches;  and  here 
are  developed  the  tongue,  the  cartilages  of  the  larynx,  and  the 
cesophagus.  Extensions  of  these  latter  structm*es  grow  down  in 
the  long  axis  of  the  embrj^o  and.  reaching  into  the  thorax  and 
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abdomen,  constitute  the  mclimentary  material  for  the  lungs  and 
stomach;  at  any  rate  tliej  become  continuous  with  them. 

This  account  of  the  mode  of  development  of  the  face 
derives  particular  interest  and  some  confirmation  from  the 
malformations  which  we  so  often  see  in  this  part  of  the  btjdj.  A  great 
number  of  cases  of  malforraation  (as  they  are  not  quite  proi>erly  called) 
are  the  result  simply  of  imperfection  in  the  progressive  development 
of  the  structm^e  concerned  ;  the  formative  proceJsSj  not  having  been  suffi- 
ciently vigorous  to  carry  on  the  work  to  completion,  is  ari^ested  at  some 
point,  and  leaves  evidences  of  forms  which  the  part  naturally  presents 
in  its  transition  to  the  mature  condition, — evidences  from  which  we 
may  derive  much  information  aa  to  the  series  of  changes  by  which  the 
perfect  form  is  evolved.  Thei-e  may  be  superadded  to  the  imperfection 
of  development  some  deviutian  from  the  regular  plan  which  would  lead 
us  into  error  were  we  blindly  to  take  these  varieties  as  our  guides  ;  but 
the  effects  of  such  deviations  may  generally  he  distinguished  with  a 
little  care. 

Now  there  is  perhaps  no  region  of  the  body  in  which  developmental 
failures  are  of  more  common  occurrence  than  the  upper  lip  and  jaw, 
where  they  give  rise  to  "hare- lip"  and  the  different  varieties  of  "cleft- 
palate."  In  the  latter,  whatever  the  exknt  of  the  fissure,  its  pmi- 
twn  is  iDvariably  the  same;  not  in  the  middle  line,  where  it  would 
traverse  the  intermaxillary  bone  and  the  middle  frontal  process,  but  on 
one  side  of  the  middle  line,  between  the  maxillary  and  the  intermaxillary 
bones,  that  is  to  say,  in  the  line  of  union  of  the  median  and  lateral 
frontal  processes.  Accordingly  we  find,  if  the  proper  complement  of 
teeth  be  present  in  such  a  case,  that  the  canine  tooth  is  always  on  the 
lateral  or  maxillary,  aiid  the  outer  incisor  is  on  the  median  or  inter- 
maxillary Bide  of  the  fissure.  Generally  some  of  the  incisoi's  are  deficient ; 
and  there  may  be  an  attempt  to  fill  up  the  gap  by  the  formation  of  one 
or  two  supernumerary  teeth  in  the  maxillae,  reminding  us  of  the  develop- 
ment of  wormian  bones  in  hydrocephalic  skulls  for  a  similar  purpose.  If 
the  fiaanre  be  on  both  aides  the  intermaxillary  bones  are  quite  isolated 
from  the  maxillaries,  and  hang  down  in  th6  middle  line  dependent  from 
the  vomer  alone.  They  commonly  extend  to  about  the  same  level  as  the 
maxillary  alveoli  and  cause  the  cleft  to  be  double  in  front ;  whereas  the 
hinder  part  of  the  median  process  does  not  reach  the  level  of  the  palatine 
processes  behind,  so  that  the  cleft  is  there  single.     Both  the  frontal  and 
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the  superior  maxillaiy  processes  usually  share  in  the  imperfection,  "whicli 
is  most  marked  iu  the  latter  at  the  hinder,  that  is,  the  palatine  part 
of  the  clefb,  and  in  the  former  at  the  alveolar  part.  Thus,  though 
the  vomer  (or  hinder  part  of  the  frontal  process)  does  not  qiiite  reach 
its  prf^per  level^  which  may  be  owing  to  the  pressure  of  the  tongue,  it 
has  rather  more  than  ita  usual  thickness ;  whereas  the  palatine  plates 
(which  are  derived  from  the  hinder  part  of  the  maxillary  processes)  are 
scanty  and  thin :  and  the  iiiciaor  teeth  and  their  alveoli  (which  form  the 
fore  part  of  the  frontal  process)  are  commonly  defective,  the  lateral  ones 
in  most  instances  and  the  middle  ones  in  many ;  whei"eas  the  bicuspid 
and  canine  teeth  and  thuir  alveoli  (which  form  the  fore  part  of  the  maxil- 
lary processes)  are  usually  perfect*  Indeed  the  frequent  deficiency  of  the 
incisive  sockets  and  teeth  in  hare-lip,  and  the  frerjuent  imperfections  in 
the  size  and  shape  of  the  outer  incisive  teeth,  where  there  is  no  hare-lip, 
seem  to  indicate  the  intermaxillary  bone  to  be  the  part  of  the  facial 
skeleton  which  is  most  difficult  of  formation.     (See  PL  XIII,  fig.  1.) 

Instances  sometimes  occur  in  which  the  luiion  of  the  frontal  and 
maxillary  processes  having  failed  in  their  upper,  or  orbito-nasal,  as  well 
as  in  their  lower  or  palatine  parts,  the  clefl  is  continued  Irom  the  palate 
through  the  nose,  between  the  fethmoid  and  maxillary  bones,  into  the 
orbit'.  It  may  even  happen  that  the  frontal  processes,  which  should 
descend  between  and  separate  the  orbits,  fail  aUogether ;  in  which  case 
the  orbits  form  one  cavity  and  the  eyes  are  more  or  less  blended  iu  the 
middle  line.  Such  a  monstrosity  is  called  "Cyclopian*.**  Or  lastly,  and 
this  is  remarkably  frequent  in  the  pig,  the  frontal  processes  may  be 
misdirected  and  curl  upwards  when  they  should  grow  downwards. 
Their  several  elements  and  appendages  ai-e  then  devcloi>ed  into  a 
trumpet-like  proboscis  on  the  foi-ehead,  instead  of  forming  a  nose  be- 
tween the  eyes. 

I  have  thought  it  worth  while  to  direct  attention  to  these  instances 
of  malformation,  which  arc  common  and  remarkably  uniform  in  their 


*  There  is  a  description  of  such  an  ijxamplt}  given  by  A,  Meckel  in  MeckeVs 
Art^iv,  IX.  156,  ill  wliicli  the  cleft  ran  on  either  side  from  the  mouth  quite  iato  the 
orbit,  Bepftntiug  the  iniernmiiMary  bonea,  vomer,  naa&l  bones  &nd  niuai  procoMi  of 
the  m&iill&ry  bonea  from  the  maxilUry  ajicl  pabite  bones.  It  tookj  therefore,  the 
direction  of  the  infra-orbital  canal, 

*  Incaaes  of  this  kind  the  optic  for&mina  are  often  blended  Into  one,  as  they  uaualljr 
are  In  the  hare  and  in  birds. 
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characters,  because  they  not  only  contribute  to  tbrow  light  on  the  man- 
ner of  development  of  this  region,  but  more  particularly  because  they 
tend  to  conHrm,  what  is  often  doubted  and  what  it  is  diMcult  to  proTe 
in  the  embryo,  that  the  intermaxillary  bones  are  developed  in  connec- 
tion with  the  vomer  in  the  median  firontal  process,  and  that  they  are 
originally  related  to  it  rather  than  to  the  maxillary  bonea, 

To   proceed  with  the  deYeiopmeiit  of   the   skull, 

Fonrmtionof  .        ,  ,7 

cirtiugB  and  WhcQ  the  brain  is  enclosed  in  its  membranoua  cap- 
sule, and  the  processes  alwve  mentioned  have  been 
evolved  so  as  to  form  a  sort  of  ground-plan  of  the  fiitare  fabric 
of  the  face,  certain  parts  of  the  enveloping  structure  are  soon  con- 
verted into  cartilage.  This  change  takes  place  earliest  where 
strength  is  most  needed,  viz.  along  the  base  of  the  skull. 

The  cartilage  first  appears  on  either  side  of  the  base,  and 
extends  to  the  middle  line  so  as  to  enclose  the  chorda  dorsalis.  It 
also  spreads  laterally.  But  it  does  not  spread  over  the  whole  of  the 
brain  or  far  into  the  face ;  indeed,  with  the  exception  of  the  median 
plate  of  the  no«e,  it  is  almost  confined  to  the  base  of  the  skulU 
The  next  thing  is  the  formation  of  bone;  and  this  takes  place  first 
at  various  detached  points  upon  the  exterior  of  the  membranous 
capsule,  where  the  cartilage  does  not  exist.  The  bone  is  here 
immediately  preceded  by  the  production  of  an  ossifying  blastema 
upon  the  surface  of  the  primitive  capside.  This  blastema  is 
quickly  converted  into  bone,  in  the  manner  described  at  a  former 
page  (34) ;  and  the  outside  of  the  newly-formed  blastema  and  bone 
ia  furnished  with  periosteum.  The  primiti%^e  membranous  capside 
of  the  brain  constitutes  the  internal  periosteum  of  the  bones,  and  is 
closely  connected  with  the  dura  mater;  so  closely,  that  the  two 
membranes  are  blended  in  an  almost  inseparable  manner,  and  pa^s 
under  the  one  name  of  dura  mater. 

partiifonncd  The  boiics  belonging  to  this  class,  i,e,  formed  from 

fi^*^boneLid  ossifying  blastema  without  any  preceding  cartilage,  are, 
cartilage.  according  to  Kolliker,  *Hhe  upper  half  of  the  expanded 

portion  of  the  occipital  bone,  the  parietal  and  frontal  bones,  the 
squamous  portion  and  tympanic  ring  of  the  temporal  bone,  the 
nasal,  lachrymal,  malar,  and  palate-bones,  the  upper  and  lower 
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jaWj  the  vomer ^^  and,  apparently,  the  internal  lamella  of  the  ptery- 
goid process  of  the  sphenoid,  and  the  coniua  Bphcnoidalia.  Tlie 
blastema  of  these  bones,  which  differs  from  that  of  the  primary 
bones,  in  its  being  successively  developed  in  a  membranous  matrix, 
fiimoltaneously  with  the  process  of  ossification,  not  existing  pre- 
viously in  any  considerable  quantity,  preacDts  essentially,  exactly 
the  same  conditions  as  that  of  the  periosteal  layers,  and  is  also 
ossified  in  precisely  the  same  way',"  From  the  incomplete  carti- 
laginous cranium  are  formed  "the  occipital  bone  (except  the  upper 
half  of  tlie  expanded  portion),  the  sphenoid  (except  the  lamina 
externa  (interna?)  of  the  pterygoid  process),  the  mastoid  and  pe- 
trous portions  of  the  temporal  hone,  the  a^thmoid,  the  inferior 
turbinated  bones,  the  osgicula  auditus,  and  the  hyoid  bone'/' 

Tlie  ossifying  process,  ai=i  jiLst  stated,  does  not  begin  in  the 
cartilaginous  so  soon  as  in  the  membranous  parts  of  the  skulL 
Thas  in  a  foetus  of  about  three  months  I  found  that  ossification 
had  made  considerable  advances  in  the  lower  jaw,  in  the  squamous 
and  zygomatic  portions  of  the  temporal  bone,  in  the  fronlal  and  the 
occipital  bones.  It  had  also  bcgim  in  the  great  alte  of  the  sphenoid, 
in  the  lower  or  alveolar,  and  in  the  upper  or  facial,  parts  of  the 
superior  maxillary  bones,  and  in  the  malar.  There  was  a  delicate 
flake  in  the  parietal.  Whereas  the  only  osseou^s  nucleus  in  the 
cartilage  at  the  base  was  one  for  the  basilar  portion  of  the  occipital 
bone.  I  should  observe  that  there  was  also  an  osseous  nucleus 
for  each  of  the  cotidyles,  with  one  behind  them  forming  the  back 
part  of  the  ring  enclosing  the  foramen  magnum,  and  one  for  each 
of  the  cerebellar  as  well  as  the  one  for  the  cerebral  portion  of  the 
bone. 

The inturei.  "In  the  vault  of  the  cranium,  as  the  primary  ossific 

points  first  appear  in  the  situation  of  the  tuberosities  of  the  parietal 
and  frontal  hones,  the  bones  are  at  first  placed  widely  asunder, 
and  are  connected  merely  by  a  fibrous  membrane,  the  continuation 


*  The  vomer  appeAra  to  bu  formed  from  the  cartilage  of  tbe  septum  umai,  which 
II  cotitiTiued  forwards  from  tbe  ba«e  of  the  akull     PU  IV.  %.  i,  a. 

*  Kolliker*8  Manual  of  ffuman  MUtolofft^^  i.  369. 

*  Ibid.  p.  339. 
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of  the  periosteal  lamella  of  each,  ami  which  m  miited  ou  the 
internal  aspect  with  the  remains  of  the  membranous  cranium  of 
the  embryoj  and  with  the  dura  mater.  The  bones  then  continue 
to  grow  towards  each  other,  ajid  at  last,  constantly  advancing  in 
the  above-described  continuation  of  the  pertosfeum,  come  very 
nearly  into  contact  at  the  frontal  and  sagittal  sutm*ci^;  there  remains, 
lioweveFj  for  a  long  time,  one  large  vacuity,  in  particular,  between 
them— the  anterior  fontanelle — but  which  closes  in  the  second 
year  after  birth ;  whilst,  at  the  same  time,  the  bones,  which  up  to 
this  period  adjoined  each  other  with  a  straight  line  of  juncture, 
send  out  interdigitatiug  tooth-like  processes,  till  ultimately,  when 
their  blastema  is  wholly  consumed,  they  continue  united  only  by 
the  remains  of  the  jmrimteum  (the  sutiiral  cartilage,  as  it  is  temied, 
or  better,  the  autural  ligament),  but  wliich  also  is  capcable  of  becoming 
ossified  sooner  or  later,  and,  indeed,  invariably  first  on  the  inner 
aspect  of  the  suture,  where  the  tootli-like  processes  are  very  little 
developed  \"  The  indigitations  of  the  bones  at  the  sutures  are 
less  complicated  in  the  lower  animals  than  in  man. 
SacoewiOTi  "^^  order  of  events  is,  therefore,  as  follows.     The 

of  event*.  ^Y)&i  rudiment  of  the  skull  is  a  mere  meml>ranous  cap- 
sule thrown  around  the  brain,  adapted  to  it,  and  capable  of  enlarg- 
ing quickly  so  as  to  keep  pace  with  the  rapidly  increasing  cerebral 
mass.  Next,  cartilage  is  formed  at  the  ba^e  for  the  purpose  of 
giving  some  strength  and  consistence  to  this  part.  Thirdly,  an 
ossifying  blastema  k  produced  at  several  points  upon  the  prim- 
ordial membranous  capsule,  which  soon  becomes  converted  into 
detached  flakes  of  bone.  These,  growing  quickly,  provide  protec- 
tion for  the  brain ;  while  the  intervening,  still  membranous,  jx>rtions 
permit  the  expansion  of  the  skull  to  take  place  in  accommodation 
to  its  contents.  Soon  after  the  formation  of  the  osseous  flakes 
upon  the  vault  of  the  cranium,  bony  nuclei  appear  in  the  cartilage 
at  the  baseV     Fourthly,  the  various  bones,  some  originating  in 


*  Kolliker*ii  Manual  of  EidoLogy,  p.  373, 

*  Til  we  nuclei  of  the  bodies  of  tbe  occipital  &nd  the  two  sphenoid  bones  are  repre- 
sented in  the  cartikgo  of  the  baae  of  the  skuU  in  PL  IV.  %>  r  (p.  t  iS),  and  the  manner 
m  which  thej  form  ft  oontinu&tion  of  Ihe  vortebml  chaio  is  there  well  shown. 
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blastema  and  some  in  cartilage,  approach  one  anotlier,  and,  be- 
coming united  at  their  edges  in  different  ways,  fomi  a  continuous 
unyielding  bony  case,  which  is  admirably  adapted  for  the  defence 
of  the  brain,  for  the  accommodation  of  the  organs  of  special  sense, 
and  for  the  attachment  of  the  ligaments  and  muscles  by  which 
the  skull  is  supported  and  moved  upon  the  spine. 

At  birth,  and  for  some  time  before,  the  calvarial  bones  have 
acquired  considerable  breadth  and  hardness,  as  those  well  know 
who  have  been  called  upon  to  perform  craniotomy.  They  lie 
imbedded  between  their  periosteum  and  the  external  lamina  of  the 
dura  mater,  which  constituted  the  primitive  membranous  capsule ; 
and  they  may  be  separated  without  much  difficulty  from  both. 
Their  bevelled  and  serrated  edges  run  into  and  are  lost  in  the 
blastema  which  forms  a  continuation   of  them. 


Congenital  The  calvarial  bones  are  often  traversed,  more  or  less  exten- 

^""""^  sively,  hj  fisntres  extending  from  the  mai^na  towards  the 

middle.  These,  which  are  the  result  of  incomplete  ossification,  might  be 
mistaken  for  fractures,  aiid,  therefore,  possess  interest  in  a  medicodegal 
point  of  view*  I  have  found  them  very  marked  in  the  parietal  and  frontal 
bones  of  young  monkeys,  and,  less  decided,  in  the  human  foetus.  They 
become  filled  up  as  ossification  proceeds  \  In  consequence  of  a  deficiency 
and  inequality  of  the  ossifying  processes  we  sometimes  find 
larger  gaps  or  vacancies,  not  only  at  the  edges  but  in  the 
middle  of  the  calvarial  bones.  The^e  may  be  occupied  only  by  membrane, 
or  in  course  of  time  they  may  be  closed  by  a  thin  lamiaa  of  bone.  Such 
gaps  most  often  occur  when  the  ossification  throughout  the  skxill  is 
rather  imperfect,  and  are  generally  situated  in  or  near  the  natural  fora- 
mina for  vessels.  Thus  in  a  thin  calvarium  in  our  Museum  there  is,  on 
cither  aide  of  the  sagittal  suture,  in  the  place  of  the  parietal  foramen, 
a  hole  large  enough  to  admit  the  end  of  one's  finger,  and  in  the  SicUiau 


■adOapi. 


^  Lobat^m  gives  the  representAtidii  of  li  congenital  ftssure  extending  nearlj  through 
the  gquamous  part  of  the  temporal  bone,  Tmtii  cTAnalomie  pojth,  PL  V.  fig.  i. 

Dr  West,  Medko-Chirurgiccd  Trantaction^f  xxvin.  states  that  fiMttres  of  the  akuU 
have  iH'HeD  known  to  take  place  during  labourj  even  in  easy  labourt.  He  rebktea  ft  caae 
of  fissure  in  the  fore  part  of  the  parietal  bone,  which  he  Buppoaes  to  have  oocuired  in 
this  way.  It  wa«  attended  with  effusion  of  hlood  on  both  surfacei  of  the  bone»  He 
iays,  moreover,  ''the  annak  of  legal  medicine  contain  many  instances  of  injury  of  the 
child  before  birth,  and  of  fracture  of  its  skull  by  a  blow,  or  some  other  violence, 
inflicted  on  the  mother/'  and  givca  references  in  proof  of  the  Btatcment. 
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dwarf^  in  the  College  of  Surgeons,  in  whidb  ossification  La  very  backward, 
there  is  an  irregularly  ahaped  gap  in  the  situation  of  the  mastoid  foramen 
of  the  temporal  bone  and  another  near  the  upper  acd  hinder  angle  of 
the  parietal  bone.  Some  remarkable  examples  of  extreme  thinness  of 
a  considerable  part  of  one  or  both  parietal  bonea,  which  are  probably  of 
a  similar  nature,  will  be  mentioned  in  the  account  of  those  bones.  Defi- 
ciencies of  this  kind  are  not  unfrequently  met  with  in  hydrocephalic 
skulls,  in  consequence  of  the  stretching  to  which  the  ossifying  membrane 
has  been  subject.  The  frontal  bone  from  a  hydrocephalic  skull  in  Guy's 
Museum  shews  several  such  vacajicies  in  its  wall;  and  in  Sandifort*a 
Museum  A7mi€muaim  is  the  representation  of  a  frontal  bone,  also  from 
a  hydrocephalic  skull,  in  which  there  are  two  foramina  in  the  cranial 
part,  and  the  orbital  portion  is  very  deficient'. 

BoneaAiftret  Before  the   calvarial   bones  have  united  with   one 

thickest  at  the    another,  they  are  of  nearly  miiform  thickness.     There 

mkldkt  nib-  .  . 

Bequentiyit  ig^  howcver,  a  sHght  preponderance  in  favour  of  the 
middle  parts  where  ossification  commenced  j  and  the 
edges  where  the  bones  are  still  growing  are  rather  thinner,  Sub- 
aequently,  after  peripheral  gi'owth  has  been  stopped  by  their  con* 
fluence  at  the  sutures,  the  bones  become  thickened  at  their  edges* 
It  is  as  tliough  a  reflux  of  the  ossifying  processes  took  place  and 
spent  itself  in  causing  broad,  ridge-like,  more  or  less  uneven  j)ro- 
minences  in  the  immediate  neighboinrhood  of  the  sutures,  both  on 
the  outside  and  on  the  interior  of  the  cranium.  Thus  it  often 
happens  that  the  circumferential^  most  recently  formed,  parts  of  the 
calvarial  bones — of  the  parietals  more  particularly —attain  to  greater 
thickness  than  the  central  parts  where  ossification  began.  AVhile 
these  changes  are  going  on  in  the  relative  degree  of  thickness  of 
the  central  and  circumferential  portions  of  the  calvarial  bones,  the 


^  I  bftTe  found  simihu'  holes  m  all  parts  of  h3^drcM:%phaHc  tmlTsda.  T]]«y  nn, 
boweTcti  most  frequent  m  the  Frontal  bones  and  tn  the  parietaLs  on  either  side  of  the 
Bagittft]  suture. 

It  is  no  uncommon  thing  to  find,  when  the  normal  growth  of  one  of  the  calv&riAl 
htmw  has  been  airestedj  Id  ricket«»  hydrocephalus,  or  other  morbid  condition^  that 
Hm  spaoe  which  sbould  have  been  occupied  by  the  hone  in  covered  by  Ciumerous  iiepa- 
rate  nnclei.  The  Lrr^gular  and  incomplete  coalescence  of  these  independent  ossicles  with 
one  another  and  with  the  central  nucleus  is  probably  eno  cause  of  the  vacandeja  just 
mentioned. 
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former  gradually  become  less  prominent^  and  the  various  ridges 
and  inequalities  on  the  surface  of  the  skull  become  more  apparent. 
After  the  sutures  have  been  formed  and  the  skull  has 
acquired  a  certain  thickness,  the  process  of  resorption 
goes  on  in  the  interior  of  the  several  bones — that  is»  between  their 
outer  and  inner  surfaces,  just  as  it  docs  in  the  interior  of  the  cylin- 
drical hones,  and  reduces  the  structure  to  a  more,  or  less  cancellated 
condition.  The  part  so  altered  is  called  the  diploe;  and  the  change 
fier^^es  the  purpose  of  diminishing  the  weight  of  the  skull  without 
proportionately  reducing  its  strength.  The  cancelli  of  the  diploe  are 
occupied  by  a  kind  of  marrow,  which  resembles  that  of  the  vertebrse 
in  containing  but  little  oil,  and  they  are  traversed  by  canals  for 
vessels?,  which  are  elaborately  represented  in  Breschet's  work,  Sur  h 
Syst^me  Veineux,  As  a  general  rule,  tlie  diploe  begins  to  be  evident 
about  the  tenth  year,  and  becomes  most  developed  in  those  skulls 
and  in  tliose  part^  of  each  akull  which  are  the  thickest;  consequently 
it  varies  a  good  deal  in  different  persons.  In  some  cases  of  rickets  it 
becomes  enormouHly  increased  by  deposit  of  bone  upon  the  exterior 
of  the  skull  which  is  attended  with  an  imperfect  ossification  of  the 
outer  table,  or  which  is  soon  followed  by  the  reduction  of  that  table 
to  a  cancellated  state;  and  in  some  c^ses  of  wasting  of  the  brain, 
from  illness  or  old  age,  the  diploe  is  increased  in  thickness  by 
deposit  upon  the  interior  of  the  skull  and  by  corresponding  changes 
in  the  inner  table,  I  have  often  observed  it  to  be  thick  in  the 
skulls  of  idiots',  and  find  that,  as  a  general  rule,  the  diploe  is 
thickest  and  the  several  bones  of  the  head  are  also  thickest  where 
the  skull  is  small  j  in  other  words,  where  the  brain  is  small. 
Hence  the  propriety  of  the  term  ^*  thick-headed,''  as  a  synonym  for 
**  stupid,"  derives  some  confirmation  from  anatomy. 


^  In  the  ricket;  ekoiV  And  in  oome  otber  injtances  where  the  brain  b  of  dkpropor- 
ticmalely  large  size,  the  change  of  cun'ature  which  renden  the  centraJ  pnrtioDfl  of 
tlie  ivrend  calv^ortal  )>oneR  less  proBDinent  does  not  Uke  place  as  it  ought  to  do ;  luid 
tbii  gives  &  peculiar  square  contour  to  the  he&d*  Df  Merei,  in  hia  work  above 
quoted  (p.  156)  obflerreSj  (and  the  eame  thing  liaa  been  remarked  hy  others^)  that  in  Ihe 
gre&l  majorit j  of  rachitic  children  the  brain  ia  actually  larger  than  in  other  children ; 
its  conaifltence  and  Appenr&nce  being  noniiikl. 

>  In  the  skull  of  an  idiot,  represented  bj  Lobfltein,  Trmii  d*AnaL  path.  PI  XH* 
fig*  I,  the  diploe  is  very  thidt. 
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the  skixll  remaining  membranous  for  a  time.  Watch  an  infant 
suffering  nnder  diarrlioQa  or  other  malady  which  causes  a  sudden 
drain  upon  the  system*  In  a  very  short  time^  cotemporaneoualy 
with  the  shrinking  of  the  face,  the  fontanelle  is  observed  to  have 
fallen  in;  and  in  a  short  time  again,  during  recovery,  it  is  plumped 
np,  perhaps  beyond  the  surrounding  level. 

Sutures,  why  ^^^  sutuTes  remain  distinct  for  a  long  time  after  the 

pmiBumt;  closure  of  the  fontanelles  and  the  complete  formation  of 
the  skull-  They  may,  as  suggested  by  Gibson ^  Scemmerring,  and 
others,  serve  some  purpose  in  pennitting  an  increase  of  the  size  of 
the  cranium  by  the  growth  of  the  bones  at  their  edges.  It  is 
evident,  however,  from  the  changes  in  shape  which  take  place  in 
the  parietal  and  other  bones  during  growth ,  that  the  enlargement 
of  the  cranial  cavity  does  not  entirely  depend  upon  an  extension  of 
the  bones  at  these  sutural  edges;  but  that  it  may  also  be  caused  by 
the  removal  of  bone  from  the  interior  of  the  skull  and  the  addition 
of  bone  on  the  exterior,  after  the  plan  that  we  have  found  to  be  fol- 
lowed in  the  shafts  of  the  long  bones.  It  by  no  means  follows, 
therefore,  that  if  the  skull  had  originally  consisted  of  one  piece  the 
cranial  cavity  could  have  undergone  no  increase  of  size;  but  that  in- 
crease would  have  been  slow,  because  so  little  assistance  would  have 
been  supplied  by  interstitial  growth  in  the  bones.  The  cranium  is 
formed  in  detached  pieces,  for  the  purpose  of  permitting  that  rapid 
growth  which  takes  place  in  the  brain  dming  the  earlier  periods  of 
life,  as  well  as  of  providing  for  the  quick  variations  in  size  wiiich 
then  occur,  and  of  facilitating  its  passage  through  the  mother's 
pelvis.  After  indigitation  has  taken  place  the  interlocking  of  the 
bones  is  so  intricate  that  I  question  whether  growth  can  take 
place  at  tlieir  edges  much  more  easily  than  in  other  parts  of  their 
extent. 

wbenobiite-  ^^^  suturcs  servc  also  to  break  and  disperse  jarring 

imtod.  vibrations,  and  in  that  manner  minister  to  the  seciuity 

of  the  brain ;  but  that  they  have  not  very  great  influence  in  any 
way  is  proved  by  the  very  variable  periods  at  which  they  are 
obliterated.     In  some  skulls,  edentulous  from  age,  I  have  foimd 


^  Mtm^in  of  Mamhttter  Society^  1813. 
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them  still  well  marked ;  whereas  in  others,  which  bore  evidence  of 
having  only  just  readied  matiirit}^,  thej  could  scarcely  be  traced. 
The  fusion  of  the  bones  commonly  tnakes  place  first  at  the  fore  part 
of  the  sagittal  sutiu^,  next  in  the  lambdoidal  suture  near  the  sagittal, 
then  in  the  coronal  suture  near  the  inferior  angles  of  the  parietal 
hones.  So  that,  as  a  general  rule,  the  sutures  are  first  obliterated  at 
the  parts  in  which  the  ossification  of  the  skidl  was  last  completed, 
viz.  in  tlie  neighbourhood  of  the  fontanelles;  and  the  cranial  bones 
fte^m  in  this  respect  to  observe  a  similar  law  to  that  which  regulates 
the  union  of  the  epiphyses  to  the  shafts  of  the  long  bones  (page  41). 
The  sutm-es  are  commonly  obliterated  earliest  in  those  skulls  in 
which  a  heavy  hard  condition  of  the  bones  evinces  a  preternatural 
activity  of  the  o.^sifying  processes. 

womfaui  "^'^^  number  of  centres  of  ossification  in  the  skull  is 

**•"•  tolerably  uniform.    Additional  ones  are,  however,  some- 

times supplied  in  the  course  of  the  sutures,  giving  rise  to  what  are 
called  wormiati  hones.  They  are  most  frequent  in  tlie  lambdoidal 
suture,  particularly  when  the  occipital  protuberance  is  very  marked; 
but  may  be  found  in  the  sagittal  suture  and  in  other  parts.  One 
of  considerable  size  sometimes  replaces  the  superior  angle  of  the 
occipital  bone,  covering  in  the  posterior  fontanelle;  and  there  is  not 
unfrequently  one  at  the  anterior  inferior  angle  of  the  parietal  bone, 
covering  the  fontanelle  there  situated,  A  wormian  bone  is  also 
occasionally  present  in  the  anterior  fontanelle^;  and  one  has  been 
found  at  the  base  of  the  skull  in  the  lesser  ala  of  the  sphenoid  bone 
and  between  the  sphenoid  and  sethmoid  bones  ^.  Ossification  does 
not  commence  in  them  so  soon  as  in  the  other  bones ;  not  tiU  six 
months  or  a  year  after  birth.  Beclard  says  that  they  are  never 
found  at  birth.  In  accordance  with  the  law  just  referred  to,  they 
are  imited  to  one  another  and  to  the  rest  of  the  skull  at  an  earlier 
period  than  the  other  bones ;  so  that  in  the  fully  formed  skull  it  13 


^  Berlin,  Cruvelhier  and  CuTier  eoeti  deaoibe  tlik,  Tiedotntinn,  in  ZtiUchrift  fUr 
Pkydoloffie^  tn.  gives  plates  of  two  in  the  same  aku&iion;  aJao  Sandifort,  Miu. 
AntU,  Tab.  VIII,  There  arc  aeven  examples  of  it  in  the  museum  at  Bonn.  Blandin, 
Anal.  L  ioo»  ileechbes  them  in  each  of  the  fontandlt^. 

'  Wihrd  »  Human  Osteology,  p,  47. 
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imposaible  to  tell  liow  many  there  may  liave  lieen,  Witli  the 
exception  of  the  one  in  the  posterior  fontanelle,  whicli  may  be  sup- 
posed to  represent  the  "interparietal  bone"  of  camivora,  they  do  not 
appear  to  be  developed  according  to  any  particular  law,  and  do  not 
show  any  correspondence  with  the  adrlitional  cranial  bones  of  other 
animals*.  A  compariann  of  the  skulls  of  the  latter,  of  the  reptilian 
skulls  particularly,  with  that  of  man,  shows  that  the  more  niunerous 
bones  composing  them  have  their  representatives  in  the  separate 
osseous  centres  from  which  the  larger  bones  of  the  human  cranium 
are  regidarly  formed,  and  not  in  the  occasional  wormian  iKJnes^. 

,      -  .  They  are  evidently  stop-gaps  developed  in  the  membiu- 

rirenniHtancM  noufi  Govering  of  the  brain  when  the  extension  of  the  regular 
osseous  nuclei  ia  likely,  for  some  reason,  to  be  insufficient  to 
cover  in  the  cranial  cavity.  Thus  I  have  seen  several  instances  of 
rickety  feet  uses  in  which  the  growth  of  the  primary  nuclei  of  the  frontal 
and  parietal  bones  has  been  arrested,  aud  the  circmnferential  parts, 
which  they  should  have  occupied  were  covered  by  detached  ossicles,  or 
wormian  bones.  The  skull  was  not  large  in  any  of  these  cases.  Such  de- 
ficiency in  the  growing  power  of  the  r^ilar  centres  is,  however,  compara* 
tively  rare*  A  far  more  frequent  cause  of  the  formation  of  wormian 
bones  is  the  eidargement  of  the  cranial  cavity,  and  the  consequent  undue 
stretching  of  its  membranous  envelope,  which  takes  place  in  hydro- 
ceph^uB.  In  this  disease  the  regular  bones  grow  quickly,  attain  to  great 
size,  and  may  even  exiffic©  to  complete  the  akull*.  Commonly,  however, 
aflsistance  is  supplied  by  wormian  bones,  which  may  be  developed  very 
numerously  in  the  sagittal,  lambdoidal,  and  squamous  sutures,  being 
sometimes  two  or  three  rows  deep.  It  is  curious  that  they  are  very 
rarely  found  either  in  the  coronal  or  frantal  sutures".     Often  they  diJfer 


^  "Wormian  bones  Are  found  according  to  Dr  WiUiamaon  (on  the  Hnmjui  Crani*  in 
the  Annj  Medical  Museum,  Fort  Pitt,  Chatham,  Dublin  Qnarterl^  Jourtial,  Aug,  i, 
1857)  aa  fFwjuently  in  the  occipital  auture  of  the  Negro  as  in  the  European  ;  and  they 
are  said  by  him  to  be  more  frequently  of  largo  Hi3»  in  the  farmer,  often  cutting  off  th<i 
superior  angle  of  the  occipital  l>one. 

*  In  fiome  hydrocephalic  apecimena  in  the  MuRiSe  Dupuytren  the  crania  are  of 
enormous  ake,  yet  there  are  no  wormian  honefl|  or  but  few,  the  preternatural  grou-th 
from  the  regular  nuclei  having  sufficed  to  cover  the  expanded  cerebrum,  eren  cloaing 
the  fontanelleBi  though  the  crauia  were  evidently  those  of  young  aubjeets. 

'  In  a  hydrocephalic  skull.  No.  3487,  in  the  College  of  Surgeons,  a  strong  con- 
tinuoua  plate  of  bone  exttndB  from  the  occipital  to  the  aethmoid  between  the  two 
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!u  siae  Mid  atimber  on  the  two  sides,  caiming  a  want  of  iymmetry  in 
the  shape  of  the  head.  It  is  interesting  to  observe  how  the  forms  of 
the  wormian  bonea  and  the  direction  of  the  little  osseouja  shoots  from 
the  margiiis  of  the  cranial  bones  qgre  affected  by  the  tension  of  the 
membranous  envelope  upon  which  they  are  formed.  In  hydrocephalic 
skulls,  where  thia  tension  is  greatest,  the  osseons  centres  of  the  wormian 
bones  often  assume  a  linear  form,  so  that  they  may  be  seen  arranged  in 
parallel  Enea,  extending  more  or  leas  across  the  interval  between  the 
oontiguo\ia  bones,  and  looking  like  extensions  of  their  radiating  fibres, 
though  really  qnite  sepai^te  from  them  \ 

In  hydrocephalus  the  fluid  accumulates  chiefly  in  the  lateral  ven- 
tricles; and  it  is  accordingly  the  frontal  and  parietal  boneg  that  undergo 
the  chief  expansion.  The  foui*th  ventricle  and  the  cerebellum  are  often 
not  much  altered;  and  the  corresponding  bone — ^the  occipital — is  not 
usually  so  much  increased  in  size  as  the  other  two.  The  base  of  the 
sknll  is  somewhat  flattened,  but  does  not  undergo  much  change  either 
in  sisM  or  shape;  it  is  consequently  veiy  email  in  proportion  to  the 
calvarial  part*. 

B*fce  of  growth  ^  '^^^^  alrciidj  (page  D4)  spoken  of  the  proportion 
of  •ku]i  which  the  skull  bears  to  the  rest  of  the  body,  and  of  the 

differences  in  its  rate  of  growth  at  different  periods  of  life.  Its  most 
rapid  increase  is  before  the  closure  of  the  sutnrcs.  After  that  time 
its  enlargement  (as  has  been  said,  page  190)  is  effected  partly  by 
the  growth  of  the  bones  at  their  edges,  and  partly  by  the  removal 
of  osseous  laminse  from  the  interior  and  the  addition  of  laminse  on 
the  exterior  of  the  skull ;  and  the  process  goes  on  at  a  gradually 
diminishing  rate  till  about  the  age  of  twenty.  The  assertion  that 
the  brain  and  skull  do  not  enlarge  at  all  after  the  seventh  ye4ir^  is 


pairietftlii  and  tbe  lateral  poriiomM  of  the  frontal     A  medtftn  jniture  in  some  pnrtA  of  its 
kn^h  indicates  that  it  waa  originally'  formed  of  two  Imlvce  whick  have  c^ale^ced, 

*  This  la  well  showu  in  the  Muflniuri  of  the  College  of  Surgeona,  No*  3483* 
aitfo  in  Sandifort's  Mitg.  Armt.  Tah.  vii,  fig,  -2,  and  Tab.  cxcii. 

*  Thii  b  because  th«  \mso  of  the  skull,  aa  well  as  the  cerebral  ganglia  in  immediate 
relation  with  it,  are  lejw  yielding  than  the  calvarium  and  upper  part  of  the  ccnshral 
hemispbercfi.  In  some  inetancca  the  binder  parte  of  the  teinp^iral  hones  have  been 
deprwBed  below  their  projwr  levol,  ao  that  their  zygomatic  processed  have  aaoended 
obtiqtiely  to  jotti  the  mftlar  honrft.     Rathke,  in  Meckel's  Archh,  vn,  4S6. 

*  Thii  idea  appears  to  liavc  Iwen  taken  from  ScEmmorring  and  from  Wenzel's  hook, 
De  penitiori  cerebri  ttrudurd;  thougb  it  ia  not  quite  in  acNxyrdance  with  an  extract  from 
a  table  by  the  Utter  given  ui  Dr  MilUgan's  tranalation  orMagendie'i  Phjsiol^^gy^  p.  544. 
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disproved  both  by  common  experience  and  by  careful  observation 
(see  Tables  at  pp.  106  and  110).  Dr  Siras^  gives  a  table  of  the 
weight  of  the  brain  in  253  cases,  from  which  it  appears  that  the 
average  weight  goes  on  increasing  to  the  age  of  twenty,  that  from 
that  to  fifty  the  increase  is  very  slight,  and  that  after  fifty  there  is 
a  gradual  decrease  in  weight,  Dr  Reid*  and  Dr  MilUgan*  obtained 
similar  results. 

As  years  roll  on,  the  skull,  in  some  instances,  be- 
comes thinner,  more  compact,  and  lighter^,  its  laminae 
being  finer  and  the  cells  of  its  diploe  enlarging.  This  is  perhaps 
the  regidar  and  normal  change,  and  it  correspondB  to  a  certain  extent 
with  what  tiikes  place  in  other  bones.  There  is,  however,  this 
peculiarity  in  the  skull ;  that,  whereas  during  gro^i:li  Its  size  was 
increased,  like  that  of  the  shaft  of  a  long  bone,  by  the  removal  of 
bone  from  the  inside  and  the  addition  of  bone  on  the  exterior,  the 
reverse  now  occurs.  The  removal  of  bone  takes  place  from  the  exte- 
rior, and  the  addition  is  made  on  the  interior  j  the  latter  giving  rise 
to  that  close  adliesion  of  the  dura  mater  and  those  roughnesses  and 


1 


■  Pkjfdoio^ical,  Paihotojkai  and  Anatomical  ReaeuTches,  p,  380*  The  rthUive 
weigbt  of  the  enoephaloit  to  tlie  rest  of  the  body  is  abown  hj  thia  phyBiologiat  to 
deoreiyie  rapKUy  duriDg  the  periixl  of  growth,  and  to  imdergo  compftratively  little 
alteration  after  tho  age  of  twenty. 

*  Dr  MilJIgaii  gives  tbe  faUowing^  table  of  mean  dlajnetem  of  beiwlii  at  dtiferent 
perioda  of  Hie,  obtaiood  from  a  batter; 


For  a  child  of  t  year 

, 

•        SS 

inclies. 

2  yeauB 

♦ 

•        5i 

>> 

4ye*rB 

• 

.    ^ 

I* 

7  years 

• 

.        61 

ti 

t^yeara 

» 

■        6J 

It 

16  to  18  yeaiB 

•        6i 

»» 

Adulta       , 

. 

• 

?i 

to  7]  or  8  inchi 

[ 


*  The  chief  reeult  of  Tenon's  comparisonB  of  the  mcaBoreiiients  and  weigbjnga  of 
tbe  akull  at  different  periods  of  life  are,  i.  Tbe  increase  of  bjec  in  intra-nterinc  life  is 
Tory  dwprnportionate  to  that  at  any  other  time ;  «.  It  Increiiaes  in  weight  movt  from 
the  age  of  six  to  tbe  adidt  period ;  3.  From  tbe  adult  period  to  old  ige  it  decreases  a 
little  in  siase  and  loMi  m  much  mm  two-fifths  of  its  weight.  Ikchfrches  s^ir  l^  CrdM, 
Mim,  de  rinttUid,  Vol.  i.  Meckel  found  the  skull  of  a  woman,  set*  70,  to  weigh 
14  02. ;  while  that  of  a  woman  set*  io  weighed  14  oz.  One  edentulous  BkuUj  without 
the  lower  jaw  (evidently  from  a  very  aged  person),  in  the  Cambridge  Museum,  weighs 
ii|oz, ;  another,  with  tbe  lower  jaw  (from  an  aged  female^  whoae  whole  skeleton  is 
remarkably  atrophied)|  weighs  14  02. 
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projections  which  are  coTnmoiilj  met  with  in  the  cranial  Ciivities  of 
old  persons.  When  the  foiimer  process  exceeds  t!ie  latter  the  skull 
becomes  rather  smaller  and  ligliter.  This,  however,  is  by  no  means 
invariably  the  case.  It  not  anfreqiiently  happene  that  the  proceJBS 
of  internal  addition,  to  fill  up  the  space  left  hy  the  shrinking  of  the 
brain,  goes  on  at  a  greater  rate  than  the  external  absorjition,  so 
that  the  sknll  is  rendered  actually  thicker  than  it  liad  before  been. 
This  tliickening  conimences  generally  on  tiie  inside  of  the  frontal 
and  pariet4\l  bones,  about  the  middle,  partly  filling  up  the  con- 
cavitiesj  and  dimiuij^hing  the  inner  curvatures  of  these  bones. 
In  some  instances  the  dipl5e  is  proportionately  increased  and  its 
cells  are  widened,  ao  that  there  may  be  little  or  no  increase  of 
weight ;  but  in  others  tins  is  not  the  case.  It  may  remain  unal- 
tered, or  it  may  actually  undergo  condensation,  rendering  the  skull 
hea\4en  I  have  seen  so  many  instaucefl  in  which  this  tendency 
to  an  increase  in  the  weight  of  the  skull  has  been  evinced  in  ad- 
vancing years,  that  I  conclude  it  to  be  a  matter  of  no  uufrcquent 
occTurrence*. 

vmcoImt irappij,  "^^^  skull-bones  are  well  supplied  with  blood  through 
TbeMterie*  fj^g  niedium  of  arterics  which  pass,  from  the  dura  mater 
on  the  one  side  and  the  pericranium  on  the  other,  tlirough  the 
numerous  foramina  obser^^ed  upon  both  surfaces.  There  arc  not 
any  which  exactly  correspond  with  the  medullary  arteries  of  the 
long  and  short  bonea — that  is,  any  particular  vessels,  larger  and 


*  In  the  Cambridge  Museum  are  two  pt>rtioii«  cut  fmm  the  skulk  of  aged  pemoDB  j 
both  are  thick,  heavy  and  hard,  with  Bcaroe  a  trace  of  dlplo*.  The  skull  of  a  man, 
et*  104,  from  which  the  lower  jaw  and  a  large  portion  of  the  hinder  [>art  of  the 
cranioin  (nearlj  a  quarter  of  the  whole)  have  been  removecj,  weighs  1 7  oz.  The  1ow«t 
part  of  an  edentalouH  skull,  with  the  lower  jaw,  evidontlj  firom  a  very  aged  person 
(from  which  the  calvariqm  haa  been  removed  a  quarter  of  an  inch  above  the  orbit*), 
weighi  1502, ;  ati  entire  c^lentulouw  skull^  without  the  lower  jaw,  and  from  which  the 
alvoolary  proceMes  of  the  upper  jaw  have  been  quite  absorbed,  weighs  a8,3oi.  ;  and 
another,  in  a  similar  state,  weighs  16  oz.  All  these  are  oonsiderably  above  the  aver* 
Age,  and  aU  are  thick  and  denne.  Weighing  some  other  crania^  for  the  sake  of  com- 
parboDi  I  found  the  Jarge,  well  proportioned  skull  of  an  Irkh  phpician  to  weigh 
iSoz.;  that  of  an  adult  European  female  ^i|  oz, ;  of  an  African,  native  of  Guinea, 
probably  a  female,  96 J  oz. ;  of  a  negro^  from  Gongo^  51  oz.  Tbe  lower  jaw  is  present 
in  aU.  The  latter  two  are  much  leas  capadous  than  the  former.  In  a  short  table 
given  by  Mr  W&rd,  the  Afncan's  skull  weighed  more  than  any  other,  although  iti 
capacity  was  less* 
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longer  than  the  others^  which  enter  at  the  points  where  ossification 
began.  All  are  of  nearly  uniform  size,  and  each  is  distributed  to 
the  part  near  which  it  enters.  The  supply  from  the  meningeal 
Tesaels  of  the  dura  mater  is  considerably  more  free  than  that  from 
the  pericranium.  Hence  the  orificeB  on  the  inside  of  the  skull  are 
larger  and  more  numerous  than  those  on  the  exterior;  and  hence 
the  pericranium  may  be  extensively  detached  from  the  bones  with- 
out necrosis  or  other  evil  resulting.  The  meningeal  vessels  ramify 
in  the  exterior  of  the  dura  mater^ — in  that  which  is  the  remnant  of 
the  primitive  membranous  cranium.  They  are  derived  from  the 
middle,  the  anterior,  and  the  posterior  meningeal  arteries,  which 
are  branches  respectively  of  the  external  and  internal  carotid  and  of 
the  vertebral  arteries.  Their  offsets,  passing  from  the  dura  mater 
to  the  skiillj  are  not  very  strong,  and  are  consequently  torn  through 
without  much  difficulty  in  taking  off  the  calvarium  after  death:  also 
during  life  they  do  not  offer  much  resistance  ;  the  dura  mater  is  con- 
sequently easily  detached  from  the  skull,  by  effusions  of  blood  from 
the  middle  meningeal  trunks  or  from  the  great  venous  sinuses,  or 
by  formations  of  pua  or  other  causes*  These  offsets  are  however 
BO  small  that  their  laceration,  whatever  be  its  cause,  is  rarely  pro- 
ductive of  any  serious  extravasation  of  blood.  This  is  a  point  of 
some  practical  importancCj  inasmuch  as  we  need  not  be  appre- 
hensive of  any  injurious  result  from  effusion  of  blood  between  the 
dura  mater  and  the  skull,  unless  the  injury  be  in  the  locality  of  the 
great  trunk-vessels  just  mentionedj  and  unless  the  effusion  be  caused 
by  tlieir  rupture. 

The  blood  is  returned  by  veins  which  take  different 
directions.  Some  of  them  pass  at  many  points  through 
the  larger  holes  on  the  exterior  and  on  the  inside  of  the  cranium, 
and  communicate  wiil\  the  veins  of  the  pericranium  and  of  the  dura 
mater.  Some  coalesce  into  larger  branches  which  run  for  a  con- 
venott* c»naii  siderablc  distance  in  canals  hollowed  out  for  the  purpose 
In  tJiB dipiba,  j^  ^j^g  diploe.  The  vessels  and  the  containing  canals 
converge  into  four  or  five  chief  trunks  on  either  side.  Those  of  the 
fore  and  middle  parts  of  the  skull  converge  towards  the  supra-orbital 
notch  of  the  frontal  bone,  in  which  may  be  usually  seen  a  small 
foramen  penetrating  the  outer  table  of  the  akulL     This  foramen 
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transmits  the  vein  of  tlie  diploe,  wlilch  liere  joins  tTie  supra-orbital 
vein;  and  it^s  blood  is  conveyed,  tlirough  tlie  latter,  iinder  the  roof  of 
the  orbit,  to  the  ophthalmic  vein,  and  so  on  to  the  cavernous  sinus, 
A  second  set  of  veins,  not  always  present  as  a  distinct  group,  con- 
verges from  the  outer  part  of  the  frontal  bone  towards  its  external 
angular  process,  and,  entering  the  orbit  through  a  foramen  there 
seen^  alao  joins  the  ophthalmic  vein.  A  third  set  converges  from  the 
side  of  the  head  to  the  anterior  inferior  angle  of  the  parietal  bone, 
where  the  common  trunk  joins  the  vein  accompanjing  the  middle 
meningeal  artery,  A  fourth  set  converges  to  the  postero-inferior 
angle  of  the  parietal  bone,  and  the  resultant  trunk,  passing  either 
through  the  mastoid  foramen  or  a  hole  near  it,  finds  its  way  into 
the  lateral  sinus.  Tlie  fifth  set,  converging  from  the  occipital  bone, 
terminates  in  or  near  tlie  posterior  condyloid  foramen,  and  unites 
with  the  posterior  condyloid  vein,  or  ^ters  directly  into  the  lateral 
sinus.  The  several  canals  which  transmit  these  veins  maybe  traced 
by  filing  away  the  outer  table  of  the  skull.  Most  of  them  are 
represented  in  Breschet's  work,  and  have  been  copied  from  it  into 
other  books. 

Cfciyariimi  '^^^  calvariiim  is  more  richlj  supplied  with  blood  than 

nuxceYMcuiar    the  hase  of  the  skidl,  and  ia  more  frequently  the  seat  of 

aod  Uftble  to 

divMttik«a      diaeaae.     Thus,   thickening   of  the   bones,   from   whatever 

****•  cause  arising,  is  more  common  in  the  calvariunt  than  in  the 

bttse :  and  ulceration,  which  is  not  unfrequent  in  the  farmer,  is  rare  in 

the  latter,  and  has  its  origin  in  the  tympanum  in  most  of  the  instances 

in  which  it  does  occur.     Osseous  tumours  and  malignant  growths  ai-e 

also  not  unfrequent  in  the  calvarium  and  about  the  orbits  and  nasal 

cavities;  but  are  seldom  met  with  at  the  base. 

We  may,  in  like  manner,  associate  with  the  greater  vascularity  of 

the  inner  table  of  the  calvarium,  as  contrasted  with  that  of  the  outer,  iti 

comparatively  greater  liability  to  thickening,  to  puerperal*  and  other 

deposits,  to  small  exostoses',  &a     The  deposits   on  the  exterior  are 


'  The  deposit  in  the  ikull  whieh  has  been  obaerved  in  preg^iAiit  women  smd 
has  ncmved  the  name  of  '*  puerperal  orteophyie,"  is  moat  rrequent  in  the  frontal  Mid 
parietal  bonesj  and  is  ujtunlly  Bjni  formed  in  the  grooTcss  for  tha  yeesels. 

'  Tliere  are  in  Guy's  MuB«um  two  specimens  of  exostosis  on  the  exterior  of  the 
occipital  bone;  and  the    nodnla^ted  osseous  grrowths,  which   occasioiydty  affect  the 
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almost  oonBiied  to  that  which  I  have  mentioned  as  an  occasional  attend- 
ant on  rickets,  unless  thej  be  the  result  of  accident  or  of  the  peculiar 
chronic  irritation  of  syphilis.  We  may  associate  also  with  the  manner 
in  which  the  calvarium  derives  its  supply  of  hlood  from  the  dura  mater 
on  the  interior,  as  well  as  from  the  periosteum  on  the  exterior,  the  fact 
that  inflammation  and  ulceration,  more  particularly  when  they  are  of  a 
syphilitic  nature,  generally  affect  the  whole  thickness  of  the  hone. 
They  may  begin  on  the  outside,  but  they  very  soon  make  their  way 
through  to  the  interior,  and  spread  in  the  latter  direction  quite  as  much 
as  in  the  former. 

Bopiodaction  ^^  ^^  ^^^  remarked  (p.  Gl)  that  reproduction  of  bone 

vciy  Blow.  takes  place  very  slowly  in  the  skull.  The  presence  or  absence 
of  the  dura  mater  seems  to  moke  no  difference  in  this  respect.  I  am 
not  aware  whether  the  pericranium  has  been  known  to  be  preserved  in 
any  cases;  probably  it  would  not  much  affect  the  result  Large  portion?* 
of  the  calvariima,  sometimes  including  its  entire  thickness,  occaaionaUy 
come  away  in  a  necrosed  state  after  a  severe  bum,  and  the  patient  may 
survive,  I  have  now  and  then  seen  detached  osseous  nuclei  in  the 
fibrous  membrane  which  occupied  the  gap  so  caused  in  the  skull'* 


Dunimmiiff: 


The  dura  mater  which  encloses  the  spinal  cord  has 
no  immediate  connection  with  the  bones,  being  sepa- 
rated from  the  bodies  of  the  vertebrae  by  the  ligamentiim  posticuei, 
and  from  the  arches  by  a  stratum  of  fat,  K^  it  passes  into  the 
skull  it  divides,  at  the  back  part  and  sides.  Into  two  layers,  of 
which  the  outer  runs  to  and  is  connected  with  the  edge  of  the 
foramen  magnmn,  while  the  inner  is  expanded  upon  the  interior  of 
the  occipital  bone.  In  front  it  becomes  closely  imited  with  the 
ligamentum  posticum,  and  is  expanded  with  it  upon  the  base  of 
the  skull-  All  over  the  lower  part  of  the  skull  the  dura  mater  is 
closely  attached  to  the  bones,  adliering  tightly  to  their  surfaces,  and 
is  connected  with  them  intimately  through  the  medimn  of  the 
many  ridges,  processes  and  foramina  that  exist  here,  as  well  as 
by  the  sheaths  which  it  sends  oflf  to  accompany  the  several  nerves 


firontftt  bone,  appear  occagionally  on  the  exterioFj  though  less  frequently  and  less  early 
than  on  the  iuakle, 

^  There  ig  a  gpecimen  of  the  kind  in  the  Mue^e  Buptiytren  \  several  bony  nnclei 
are  seen  in  the  membrane  that  closes  up  a  large  gap,  caused  in  the  calTadum  by 
necroflis. 
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and  vessels.  These  slieiiths  line  the  foramina;  and,  like  the 
process  of  dura  mater  which  descends  through  the  foramen  mag- 
num upon  the  cord,  they  are  connected  both  with  the  nerves 
and  vessels  and  with  the  margins  of  the  foramina:  at  the  edges 
of  the  latter  they  are  continuoua  with  the  pericranium.  Towards 
the  sides  and  upper  part  of  the  skull  the  adhesion  of  the  dura 
mater  to  the  iDones  is  less  intimate  than  at  the  base;  bo  that  the 
calvarium  may  usually  be  separated  without  much  difficulty.  It 
follows  from  this  diftercnce  bt^twcen  the  degree  of  adhesion  of 
the  dura  mater  at  the  two  parts,  that  in  fractxnre  at  the  base  of 
the  skull  it  is  always  torn  through;  whereas  in  fracture  of  the  cal- 
varium it  often  escapes;  and  this  is  one  of  the  causes  of  the  former 
accident  being  so  generally  fatal. 

it!  adherion  to  The  Connection  of  the  dura  mater  with  the  bones 
^^^^*^'  increases  with  age.  In  the  fcetus  and  young  child  the 
•««•  several  bones  may  be  easily  turned  out  from  their  bed 

between  the  dura  mater  and  the  pericranium.  Nevertheless  it  is 
difficult  to  remove  the  calvarium  entire,  because  of  the  close  con- 
nection of  the  dura  mater  with  the  pericranium  at  the  sutures  and 
fontanelles.  After  the  sutures  and  fontanellea  are  closed^  the 
increasing  siae  and  strengtli  of  the  vessels  and  fibrous  processes 
which  pass  between  the  dura  mater  and  the  skull  make  the  imion 
between  the  two  gradually  more  close.  Finally,  in  old  age,  the 
ossification,  slowly  encroaching  upon  these  processes,  renders  the 
miion  still  closer,  and  makes  it  difficult  to  detach  the  calvarium 
without  tearing  the  dura  mater,  or  leaving  flakes  of  the  inner  table 
of  the  skull  sticking  upon  it.  The  connection  between  the  dura 
mater  and  the  skull  is  most  intimate  of  all  in  those  cases  in  which 
ossification  has  acqiured  an  minatural  impetus,  in  consequence  of 
chronic  inflammation  excited  by  syphilis  or  other  cause,  and  has 
rendered  the  skull  thick,  hard,  and  heavy. 

The  dura  mater  serves  other  purposes  besides  that  of 
fonmng  an  ondosteimi  to  the  skull.  Its  processes — the  f<dx 
cerdbrij  /alx  cerebelli^  and  the  teritmnuTii — ^projecting  into  the  interior, 
give  suppott  to  the  brain,  and  by  the  mode  of  their  formation  give  rise 
to  the  sinuses,  or  channels  for  the  conveyance  of  the  venous  blood  from 
the  brain.     Thme  are  formed  is  the  following  way.     The  dura  mater, 
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aj9  we  have  already  found  (p.  1B2),  consists  of  two  layers;  of  wMch  the 
outer  appertainfi  to  the  skull,  and  the  inner,  lined  by  the  arachnoid 
epithelium,  belongs  to  the  brain.  The  two  may  be  separated  in  infancy ; 
but  in  the  adult  they  are  intimately  blended  in  the  greater  poi-t  of  their 
extent  In  some  pdaces,  however,  as  beneath  the  sagittal  suture,  they 
are  separated  on  either  side  of  the  middle  line;  the  outer  layer  is 
contmued  across  beneath  the  bone,  while  the  inner  one,  dipping  in* 
wards,  meeting  that  of  the  opposite  side,  and  descending  with  it,  forms 
the  falx*  A  triangular  canal  or  sinus  is  thus  nia^le,  which  is  strengthened 
at  the  sides  and  angles  by  iuterlacijig  bands  of  fibrous  tissue. 
^^     ^  The  other  sinuses  are  formed  in  the  same  way.     They 

mitioK  from  are  aU  lodged  in  the  intervals  between  the  great  divisions  of 
ibeir  foiTO*-  ^^  brain ;  and  the  disposition  and  structui-e  of  their  walls, 
^^^  added  to  the  tension  of  the  dura  mater  on  the  aides  and  of  the 

falx  and  tentorium  in  the  middle,  are  such  that  their  shape  cannot  easUy 
be  altered  by  any  external  pressure ;  consequently  the  How  of  the  blood 
through  them  cannot  be  impeded  by  the  pulsations  or  pressure  of  the 
biain  iu  the  varying  positions  of  the  body.  The  tense,  unyielding 
character  of  their  walla,  moreover,  does  not  admit  of  either  collapse  or 
distension ;  henoe  they  must  be  equally  full  at  all  times,  and  must  exert 
a  imifomi  pressure  upon  the  brain.  So  that,  as  on  the  one  hand  they 
cannot  bo  compressed  by  the  brain,  neither  can  they  be  distended  suffi- 
ciently to  exert  any  injnriouB  pressure  upon  it  This  doubtless  is  the 
reason  that  the  venous  blood  of  the  brain,  instead  of  passing  through 
large  veins  in  its  substance,  as  in  other  organs,  is  timiamitted  thixjugh 
the  peculiarly  constructed  tubes  called  sinuses,  on  its  exterior'. 

It  IS  the  office  of  the  skull  to  protect  the  important 
forprotecuon  nervous  ceutres  contained  within  it;  and  when  we  re- 
flect how  large  a  mass  the  brain  is,  and  that  its  delicate 
Tascular  structure  renders  it  peculiarly  liable  to  suffer  from  con- 
tusion and  jars,  we  perceive  that  it  must  be  no  eaay  matter  to 
secure  it  from  injury  during  the  rapid  movements  of  the  body, 
and  the  collisions  to  which  we  are  often  exposed*  Yet  so  ad- 
mirably  suited  to  this  purpose  are  its  coTeringe,  and  so  nicely 


^  I^or  doBcription  And  illaatTatioiiA  of  ibe  cerebnd  slnutfes,  ftc.  X  mint  refer  to 
Breschet's  "work,  Sht  It  Syiihne  Fftneiwc,  or  to  woodcuU  taken  from  it  in  Ibe  O^felo- 
pedia  of  Anato'mif,  in.  630. 
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adapted  to  one  anotlier  are  the  brain  and  tlie  skull,  tliat  we  very 
fieldom  find  any  serious  mischief  occuiTing  to  tlie  brain,  except  it 
be  from  a  fall  upon  the  head,  or  a  blow,  sufficiently  severe  to 
fracture  the  skull.  If  therefore,  in  any  case  of  injury  to  the  head, 
we  can  assure  ourselves  that  the  skull  remains  entire,  we  may  be 
pretty  certain  that  the  brain  is  not  lacerated  or  shaken  beyond 
recovery.  The  patient  may  be  stunned ;  but  he  will  probably 
recover  his  consciouBuess  after  a  time,  and  eventually  do  well,  A 
few  instances  are  on  record  in  which  concussion  has  proved  fatal 
without  fracture;  they  are,  however,  very  few,  so  few  that  they 
may  l>e  regarded  as  rare  exceptions  to  the  rule.  On  the  other 
hand,  if  the  symptoms  of  cerebral  lesiou  be  so  severe  as  to  pre- 
clude the  hope  of  recovery,  that  alone  is  tolerably  conclusive  evi- 
dence of  fracture  of  the  skull.  In  short,  the  skull  is  constituted  in 
such  a  manner  that,  so  long  as  it  retains  its  integrity,  it  is  able  to 
protect  its  contents  from  serious  lesion ;  and  nothing  short  of  a 
blow,  which  breaks  it,  will  succeed  in  contusing  or  tearing  the 
brain* 

^tno^tiumeA  Much  13  due  to  the  rounded  shape  of  the  skull, 

Ii7«rche»  whereby  its  strength  is  increased^  and  inconsequence  of 
which  many  blows  glide  oif  from  it  %rithout  doing  harm.  Then 
the  arch  of  the  calvarium  is  made  up  of  five  secondary  arches,  each 
of  which  is  formed  by  one  of  the  component  bones.  There  is  an 
occipital  arch  in  the  middle  and  a  parietal  and  a  frontal  arch  on 
either  side.  The  centre  and  more  prominent  part  of  each  is  tliicker 
than  the  rest  in  the  little  child,  while  the  arch  is  still  incomplete; 
and  the  early  ossification  and  greater  thickness  of  the  more  promi- 
nent parts  of  the  skull,  the  edges  of  the  bones  being  connected  by 
membrane,  defend  the  cranium  and  its  contents  from  the  many 
falls  and  blows  to  which  little  children  are  exposed,  so  completely, 
that  we  do  not  often  see  the  skull  fractured  or  the  brain  severely 
damaged  in  them.  In  the  adult  the  arches,  formed  by  the  indi- 
vidual bones,  are  less  marked,  in  consequence  of  the  shape  of  the 
bones  having  been  altered,  so  that  their  middle  parts  are  less 
prominent.  These  middle  parts,  moreover,  instead  of  being  the 
thickest,  have  become  rather  the  thinnest^  parts  of  the  skull; 
less  substance  is  now  required  in  them  because,  being  the  most 
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cunred  portions,  they  receive  more  support  from  the  conttgiious 
wall,  and  bi^c^use  the  fibres  of  tlie  bone  converging  to  thena 
contribute  to  their  strength*. 

Further,  the  skull  is  strengthened  by  cnrvTd  lines  or 
ridgcSy  which  may  be  traced  all  round  it.  Thus,  from 
each  external  angular  process  of  the  frontal  bone  a  sfrong  ridge 
passes  over  the  orbit  to  the  noae;  another  is  directed  backwards, 
bounding  the  temporal  fossa,  crossing  the  frontal  the  parietal  and 
the  temjK>ral  bone^,  and  reaching  the  mastoid  process  of  the  latter. 
From  that  point  a  third  ridge  is  continued  across  the  back  of  the 
skull  to  the  opposite  mastoid  process.  In  the  interior  of  the  skull 
also,  from  the  /wfer  ofc?}jfo?e,  where,  being  much  exposed,  the  bone 
is  very  thick,  strongly  marked  ribs  diverge  Like  the  groining  of  a 
roof.  One  passes  downwards,  and  spreads  out  into  the  thick  edge 
of  the  foramen  magnum ;  another  passes  upwards  and  fon^^ards, 
along  the  median  line,  to  the  frontal  bone,  where  it  rises  into  a 
sharp  crest  and  is  prolonged  over  the  a:;thmoid  bone,  forming  its 
crista  galli ;  a  third  and  fourtli  ridge,  on  either  side,  bound  the 
groove  for  the  lateral  sinus. 

purtofthetkuii  The  part  of  the  skull  situated  above  the  extenial 
levTor  ihe  Circumferential  ridges  just  described  is  covered  only  by 
riiigea  thin,  ^]^^^  ^(^j^  occipito-tVontalis  tendon  and  the  skiu,  and  is  of 
considerable  and  nearly  uniform  thickness ;  both  the  tables  and  the 
diploe  are  well  formed  in  it,  and  present  their  respective  characters 
in  full  Beneath  these  ridges,  on  the  contrary,  the  skull  is,  in 
each  direction,  protected  by  its  situation  and  by  a  thicker  covering  of 
soft  parts :  it  is  accordingly  thinner,  the  diploe  is  less  developed, 
the  tvvo  tables  are  more  closely  imitcd,  atid  their  respective  charac- 
ters are  less  obviously  marked.  Thus  the  same  regard  to  economy 
of  material  and  to  the  prevention  of  unnecessary  weight  is  evinced 
in  the  construction  of  tlie  skull  as  in  other  parts  of  the  skeleton. 
The  skull  varies  a  good  deal  in  thickness  and  strength :  in  some, 


^  The  occipital  Iwne  iBj  to  some  extent,  an  exception  to  ihk;  inarnnuch  as  the 
"tuber,"  whicb  Ih  the  moat  prominent^  is  also,  for  pecttliar  reaaoos,  the  thickeet  part 
of  the  wall.  If,  however,  we  examine  the  four  secondary  arches  of  which  the  bone  la 
comiiosed,  we  shall  perceiye  that  the  middle,  most  convex,  portion  of  each  ii  the 
thinncfit. 
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it  is  able  to  withstand  great  violence;  in  others^  it  is  so  thin  tliat  a 
comparatively  slight  blow  will  break  it» 

j<Hiiingof  the  "^^  several  bones  are  so  interlocked,  tied  together, 
^***^  and  dovetailed  at  their  edges,  that  they  are  more  easily 

broken  than  forced  asunder* ;  and  their  disposition  with  regard  to 
one  anothejT  h  such  as  to  offer  the  best  resiBtance  to  external  vio- 
lence. Thus  the  parietal  bones,  united  together,  form  a  great  arch 
across  the  upper  part  of  the  skull ;  the  broad  pillars  of  this  arch  are 
sloped  inwards  as  they  pass  downwards,  and  arc  received  between, 
and  overlapped  by,  the  sfiuamous  portions  of  the  temporal  bones,  so 
that  the  tendency  to  au  outward  thrust  which  would  be  caused  by 
any  weight  or  force  applied  at  tlie  summit  is  well  pro\ided  against. 
Again,  for  a  similar  purpose,  the  frontal  bone  overlaps  the  parietid 
at  the  middle  of  the  coronal  sntxire,  and  is  overlapped  by  it  on 
either  side.  So  effectual  are  these  and  other  provisions  for  the 
strengthening  of  the  calvarium,  that,  as  is  well  known,  if  a  person 
falls  on  his  head  the  base  of  the  skull,  which  is  furt!iest  removed 
from  injury  and  most  under  cover  of  the  soft  parts,  is  quite  as 
likely  to  be  broken  as  the  crown,  if  not  more  so, 
HMWMkpart  Indccdj  if  we  examine  a  skull,  when  all  the  soft 

iifhsbHtt.  parts  have  been  removed,  one  of  the  weakest  points  we 
can  find  is  in  the  middle  of  the  base,  at  the  sella  turcica,  just  in 
front  of  the  i>osterior  clinoid  processes.  The  sphenoid  bone,  which 
forms  the  chief  strength  of  the  part,  is  here  constricted  at  the  sides 
by  the  foramina  lacera  and  the  grooves  for  the  carotid  artery.  It 
is  hollowed  out  above  for  the  lodgment  of  the  pituitary  gland ;  be- 
neath, it  is  cut  away  behind  the  pterygoid  processes ;  its  middle 
is  excavated  for  the  splienoidal  sinus*  It  nms  forward  like  a 
narrow  stem;  yet  it  has  to  bear  the  chief  weight  of  tlie  face 
and  fore  part  of  t!ie  skull.  A  vertical  section  shows,  moreover,  that 
there  is  a  bend  here;  the  fore  part  of  the  body  of  the  sphenoid 


*  In  the  Muii4e  Dupaytren  ia  a  Bpecimen  of  separation  of  the  [MuieUl  boaea  at  the 
sagittal  Bnture ;  and  another  where  fiom  a  fall  upon  the  hea*l  the  right  parietal  hjM 
been  Bqjarated  from  the  left  jind  from  the  frontal  bone  along  the  line  of  the  ngittal 
and  frontal  autiirca.  These  are,  however^  exceptional  [nstancea ;  the  fracture  much 
more  commonly  traverBee  the  bonea  than  foHowa  the  Enee  of  the  iutures. 
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and  the  aetlimoid  forming  an  obtuse  angle  with  the  hinder  part 
of  tlie  body  of  the  sphenoid  and  the  basilar  process  of  the  occi- 
pital bone  {PL  XV.  fig,  1),  Immediately  in  front  of  and  be- 
hind this  point  the  skidl  is  strengthened  by  the  descending  ptery- 
gold  proceascB  and  the  upper  jaw  in  one  direction,  and  by  the 
thickening  of  the  basilar  process  and  the  addition  of  the  posterior 
clinoid  plate  in  the  other.  Not  only  is  the  skull  here  weakened  by 
the  foramen  lacerum  medium*  on  either  side,  but  extenial  to  that  are 
the  fissure  between  the  spinous  portion  of  the  sphenoid  and  the 
]>etrous  portion  of  the  temporal,  the  fissura  Glaseri,  the  tympanum, 
the  external  auditory  canal,  and  the  thin  wall  of  the  temporal 
fossa. 

-.^  ^  The  eye  at  once  pointa  to  this  port  of  the  base  as  the 

fnu-uire  At  most  probable  seat  of  fracture  in  any  case  in  which  the  skull 
is  subjected  to  a  severe  jar^  such  as  that  which  would  be 
oaused  by  a  fell  from  a  height ;  and  experience  tells  us  that,  in  spite  of  its 
being  so  far  removed  from  expoauro  to  direct  injury  and  so  protected  by 
soft  structures,  it  is  more  often  broken  by  force  indirectly  applied  than 
any  other  jmrt  of  the  cranium,  A  man  for  instance  fails  upon  the  crown 
of  his  head;  the  part  struck  gives  way,  and  the  fracture,  if  it  be  severep 
usually  runs  round  to  the  base,  tra-versing  the  sella  turcica  and  the  middle 
cerebral  fossa,  often  in  the  exact  line,  from  one  temporal  fossa  to  the 
other,  which  I  have  described  In  Bome  iustauces  the  fracture  has  taken 
place  here,  although  the  skull  was  not  broken  at  the  part  struck.  In 
such  cases,  and  they  are  not  uncommon,  we  must  consider  that  the 
whale  bone,  regarding  the  skull  as  one  bone,  has  been  subjected  to  the 
diaturbing  iDfluence  of  severe  vibrations,  and  has  given  way  at  the 
we^eat  point :  just  as  any  other  frangible  body,  of  imequal  strength 
at  different  parts,  if  allowed  to  &11,  or  if  in  any  other  way  sub- 
jected to  violent  concussion,  would  break  where  it  was  weakest- 

In  order  to  prove  that  tlie  direction  of  the  line  of  fracture  at  the 
base  is  regukted  rather  by  the  construction  of  the  skull  than  by  any 
contre-CGup  from  the  vertebral  column,  I  allowed  a  skull,  with  its  cover- 


1  Thia  exieU  only  in  man  as  &  diBtiiict  forwnen  or  fiflsure ;  it  is  oblitemted  in  other 
aniTnafs  by  the  bulging  of  the  tymp&num  or  by  th«  contact  of  the  sphenoid  with  the 
occipltAi  bonas. 
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ings  and  contents,  recently  removed  from  the  spinej  to  fall  se%^eral  fec^t 
upon  a  brick  pavement,  taking  care  that  the  crown  canie  first  upon  the 
floor.  It  descended  with  sufficient  force  to  crack  the  bricks,  bnt  was  not 
itself  fractured  till  the  third  time,  when  the  upper  part  of  the  frontal 
bone  near  the  parietal  was  broken.  A  fissure,  starting  from  this  point, 
ran  through  the  left  temporal  fossa,  behind  the  zygoma,  through  the 
external  auditory  passage  and  the  tympanic  part  of  the  temporal  bone. 
Here  the  fracture  was  very  severe,  a  portion  of  bone  being  quite  loose 
and  the  cavity  of  the  tympanum  largely  exposed.  From  this  it  reached 
the  foramen  lacermn,  crossed  the  sella  turcica  to  the  opposite  foramen 
lacerum,  and  terminated  in  the  right  temporal  bona  A  secondary 
fissure  ran,  nearly  at  right  angles  to  the  former,  from  the  right  foramen 
lacerum  through  the  line  of  junction  between  the  petrous  and  occipital 
bones  to  the  jugular  foramen,  and  terminated  in  the  right  side  of  the 
occipital  bone.  Thus  the  fracture  took  the  ordinary  course  although  the 
head  was  detached  from  the  spine.  The  skull  was  broken  at  the  point 
where  the  blow  was  received;  but  it  may  be  remarked  that  the  calvarium 
did  not  give  way  at  all  till  it  was  struck  at  the  junction  of  the  frontal 
"with  the  parietal  bones,  where  the  arch  is  a  little  flattened.  The 
fracture  traversed  the  narrowest  and  weakest  part  of  the  skull  and  was 
more  severe  in  the  base  than  elsewhere^ 

Sometimes,  even  when  the  blow  is  upon  the  occiput,  the  fracture 
travela  round  outside  the  petrous  portions  of  the  temporal  bone  to  the 
sella  turcica. 

Besides  the  instances  afforded  by  the  base  it  is  no  un- 
citeiottie  common  thing  for  fracture  to  take  place  in  the  part  of  the 
**'^  skull  opposite  to  that  on  which  the  blow  was  received,  in 

oonsequence  of  the  disturbance  caused  by  the  meetlDg  of  vibrations 
which  have  travelled  round  the  skulL  This  may  happen  although  the 
part  which  has  been  struck  remains  entire;  thus  I  hare  known  a  blow 
on  one  side  of  the  head,  cause  fracture  of  the  opposite  orbital  plate  of 
the  frontal  bone,  without  breaking  any  other  part  of  the  skull. 


In  considering  the  mechanism  by  which  the  brain  is 
protected  from  \abratory  shocks,  we  must  not  forget  the 
several  strata  of  tissue,  of  different  density,  that  inter- 
vene between  it  and  the  surface.  These  have  the  effect 
not  only  of  preventing  the  spread  of  disease  from  the 
surface  to  the  interior  (page  17);  but  they  also  contribute  to  prevent 


dliidiwi«dl>7 
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the  occurreDce  of  jars  and  tend  to  dissipate  vibrations  in  the  cir* 
cumfereoce  of  the  head,  by  giving  them  a  lateral  direction,  instead 
of  favouring  their  transraission  straight  onwards  into  the  interior. 
The  Beparation  of  the  outer  and  inner  tables  of  the  skull  by  the  in* 
tervening  diploe  in  this  way  renders  the  bony  wall  less  penneable 
by  vibrations  than  if  it  had  been  of  uniform  consistence.  The 
innei:,  or  "  vitreous"  table,  which  is  the  most  dense,  must  exert  an 
especial  influence  in  lateralizing  the  vibrations  and  dispersing  thera 
on  its  own  surface,  instead  of  transmitting  them  onwards  to  the 
soft  structures  which  lie  next  to  it, 

indbyitmchtre  We  canuot  fell  also  to  remark  and  admire  the  fiir- 
^tht^to^^"^  tlier  provision  for  the  exhaustion  and  safe  conduct  of 
ubUofakuiL  tliose  \ibration3  ihat  have  reached  the  inner  table, 
w^hich  is  afforded  by  the  extension  of  its  surface  through  the  me- 
dium of  eminences  and  depressions,  and  particularly  by  means  of 
ridges  jutting  into  the  interior*  These  ridges,  starting  from  some 
of  the  more  exposed  points,  especially  the  tuber  occipiule,  not  only 
strengthen  the  skull,  but  contribute  greatly  to  carry  off  the  jars 
from  the  various  points  at  which  they  may  be  received  and  to  distri- 
bute them  in  a  harmless  manner.  They  project  into  the  intervals 
between  the  great  divisions  of  the  brain,  where  there  is  commonly 
more  subarachnoid  fluid  tlian  at  other  places;  and  they  are  inti- 
mately connected,  at  their  edges  and  terminal  points,  with  the 
strong  expansions  of  the  dura  mater— the  falx  and  the  tentorium — 
which  would  still  further  distribute  and  exhaust  the  vibrations. 
Thus  there  is  every  facility  for  causing  jarring  impulses  to  deviate 
from  tlie  direct  line  and  take  a  circumferential  route,  in  which  they 
are  gradually  weakened  and  rendered  harmless. 

So  admirably  adjusted  are  these  provisions  for  the  circumferen- 
tial deflection  of  vibrations,  that  almost  as  much  injury  is  to  be 
apprehended  from  their  disturbing  influence  upon  the  brain  at  the 
point  where  they  meet,  after  travelling  round  the  skull,  as  at  the 
point  where  they  were  set  going.  Hence  it  is  nearly  as  common  to 
find  ecchymosis  and  laceration  of  the  cerebral  substance  at  one  of 
these  points  as  at  the  other;  and  it  has  already  been  mentioned 
that  fracture  of  the  skull  sometimes  happens  at  the  part  opposite  to 
that  on  which  the  blow  was  inflicted.     In  otiier  words,  the  balance 
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of  adjustment  has  been  attained  with  such  nicety  in  the  eonstroc- 
tion  of  the  sknll,  that  the  property  of  transmitting  vibrations  could 
not  have  been  increased  or  diminished  without  lessiemng  the  secu- 
rity of  the  brain. 

KoiAtionorth  ^^  have  alre^ady  found  that»  both  in  ii^  primitive 

dtuii  lo  the  membranous  and  in  its  Rubsequent  ossifying  state,  the 
skull  is  moulded  upon  the  brain  and  grows  in  accordance 
with  it.  It  is  subservient  to  the  brain,  and  there  can  be  no  ques- 
tion that  the  size  and  general  shape  of  the  brain  may  be  estimated 
with  tolerable  accuracy  by  the  size  and  general  shape  of  the  skull ; 
and,  further,  that  we  may  form  a  pretty  correct  notion  of  tlic  rela- 
tive proportions  of  the  cerebral  lol>e3  by  observing  the  proportions 
of  the  corresponding  parts  of  the  skull.  The  opponents  of  phreno- 
logy, by  denying  this,  do  not  in  the  least  advantage  tlieir  cause  in 
the  estimation  of  thinking  persons^  because  the  statement  is  of  a 
kind  at  once  to  commend  itself  to  common  sense  as  being  highly 
probable.  Neither  do  the  objections  to  this  mode  of  fonning  an 
estimate  of  the  brain^  which  are  often  adduced  from  the  varying 
eiise  of  the  frontal  sinuses  and  the  projecting  ridges,  from  the  occa- 
sional presence  of  inequalities  on  the  surface  which  have  no  corre- 
spondences in  the  interior,  from  the  varjnng  amount  of  fluid  in  the 
subarachnoid  tissue  and  tlie  ventricles,  or  from  certain  morbid  con- 
ditions or  congenital  malformations*,  amount  to  much.  These  show 
that  allowances  must  be  made,  and  that  we  must  not  expect  in  this 
way  to  form  an  accurate  estimate  ;  but  they  do  not  aflect  the  principle 
that  the  akuU  is  moulded  upon  and  fitted  to  tlic  brain,  and  that  its 
exterior  does,  as  a  general  rule,  convey  pretty  accurate  information 
respecting  the  size  and  shape  of  that  organ.  The  arguments  against 
phrenology — if  by  plirenology  be  understood  the  assigning  par- 
ticular faculties  of  the  mind  to  particular  portions  of  the  brain,  and 
mapping  out  the  skull  accordingly — must  be  of  a  deeper  kind  than 
this  to  convince  any  one  who  has  carefully  considered  the  subject 


^  In  a  cam,  st.  44^  of  eoogenital  deficiency  of  tho  middle  portiona  and  left  liemi- 
sphere  of  tlie  oerebelLuin  with  hydrocephalus  the  honea  of  the  skull  were  perfect  *nd 
not  ihinuer  than  UBiial^  all  the  sutures  were  very  distinct,  and  the  shape  of  the  head 
from  before  hackwards  was  an  almcrat  perfect  ovaL     Tnmt.  of  Path,  Society f  nr.  31, 
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They  may,  I  think,  he  safely  draisTi  from  what  we  know  of  tlie 
physiology  of  the  brain ;  but  are  rather  weakened  by  these  objec- 
tions, which  we  often  hear  adduced  in  a  hostile  spirit,  from  tlje 
absence  of  an  accurate  corresf>ondence  between  the  skull  and  the 
brain.  Such  accurate  correspondence  may  doubtless  be  proved  to 
be  wanting,  and  the  confidence  in  the  exact  details  of  phrenology 
may  be  so  shaken ;  but,  forasmuch  as  the  general  correspondence 
between  the  two  cannot  be  doubted,  it  might  be  thought  that  the 
principles  of  phrenology  were  thereby  established,  and  that  a  little 
more  caution  and  a  little  less  attempt  at  exactness  in  w^orking  out 
its  details  would  render  it  a  branch  of  true  science.  Phrenology 
must  be  shoT»vn  to  be  fallacious,  not  so  much  by  a  want  of  exact 
hanuony  between  the  skull  and  the  brain,  as  by  a  want  of  harmony 
between  its  fundamental  positions  and  the  physiology  of  the  brain. 
This,  I  think,  might  be  done;  but  it  is  not  within  the  scope  of 
the  present  work  to  enter  further  into  the  subject. 
ThefoMBBftt  Each  of  the  fossse  observed  in  the  interior  of  the 

b*seoffikuiL  Qqq^  Qf  the  skull  is  formed,  in  great  part,  by  one  of 
the  cranial  vertebrse — the  occipital,  the  parietal,  or  the  frontal— 
and  each  lodges  one  of  the  great  di\^siona  of  the  brain.  The 
occipital  fossa  contains  the  cerebellum;  the  parietal,  or  sphenoidal 
fossa,  lodges  the  middle ;  and  the  frontal  fossa,  the  floor  of  which 
is  raised  by  the  orbits,  lodges  the  anterior  lobe  of  the  brain.  The 
so-called  posterior  lobe,  which  is  distinguished  only  arbitrarily  from 
the  middle  lobe,  extends  over  the  tentorium  and  cerebellum,  and 
occupies  the  hinder  part  of  the  cranial  cavity, 

A  fourth  fossa,  situated  upon  the  cribriform  plates  of 
the  aethmoid  bone,  bounded  by  the  orbital  plates  of  the 
frontal  bone,  and  lodging  the  olfactory  nerv^es  or  lobes  of  the  brain, 
though  small  in  the  human  skull,  is  of  large  size  and  forms  a 
very  distinct  compartment  in  many  of  the  lower  animals, 
Tiwim^facUng  ^^^^  Icsscr  ala  of  the  sphenoid  bone  and  tlie  anterior 
■•*  clinoid  process  which  separate  tlie  anterior  from  the 
ibumiesi.  middle  fossa,  are  received  into  the  fissure  of  Sihaus;  and 
the  posterior  clinoid  processes  and  the  sella  turcica  correspond  witli 
the  space  imder  the  third  ventricle.  These  processes,  which  stand 
up  in  so  bold  and  apparently  hurtful  a  manner  in  the  dry  skull^ 
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Cerebnd  emi- 
nenoei  ftnd 
digitel  depres- 


are,  in  the  recent  state,  covered  in  by  tlie  extensions  of  the  tento- 
rium so  as  scarcely  to  project  at  all  above  the  sun'ounding  level. 
There  is  also  a  good  deal  of  subarachnoid  fluid  collected  at  this  part, 
which  protects  the  brain  from  their  pressure,  and  from  any  vibra- 
tions which  may  result  from  the  converging  of  numerous  ridges  at 
this  particular  spot. 

The  position  of  the  pituitary  gland  in  the  sella 
turcica,  shielded  by  the  clinoid  processes,  and  covered 
in  by  the  dui-a  mater,  occupying  the  pituitary  fossa,  a  recess  which 
is  so  isolated  and  far  removed  from  direct  injury,  yet  which  is  a 
part  of  the  skull  more  often  traversed  by  fractures  than  any  otlier, 
is  worthy  of  remark. 

Along  the  floor  of  the  three  great  fossaj  just  men- 
tioned are  many  blunt  ridges  separating  shallow  depres- 
■ioiA  sions.    These  cerebral  eminejices  and  digital  depressions 

are  of  various  si^es  and  shapes,  and  are  brregularly  disposed,  seldom 
being  symmetrical.  In  most  skulls,  they  can  be  said  to  be  symme- 
trical only  in  one  part,  and  that  is  near  the  inner  edges  of  tlic  orbitiil 
plates  of  the  frontal  bone.  The  oblong  depression  running  external 
to  and  nearly  parallel  with  that  edge  on  either  side  lodges  the  cere- 
bral convolution  which  lies  close  by  the  olfactory  nerve;  and  this, 
though  not  one  of  the  so-called**  primary  convolutions"  (the  *  ^olfactory 
convolution''  lies  on  the  inner  side  of  the  nerve),  is  nevertheless 
tolerably  constant.  All  the  other  depressions,  like  the  convolutions 
by  which  they  are  impressed,  are  very  irregular  and  unsymmetrical. 
These  ridges  and  depressions  are  to  be  found  hut  sparingly  on  the 
calvariiim,  because  the  dura  mater  is  there  thicker,  and  because  the 
brain  is  not  always  in  close  contact  with  this  part  of  the  skull. 
It  is  so  only  when  it  completely  tills  up  the  brain  case.  When  it 
shrinks,  as  it  often  does  from  disease  and  other  ciiuses,  it  remains 
in  close  contact  with  the  base  of  the  skull,  to  which  it  is  bound  by 
the  nerves  and  vessels,  but  retires  from  the  calvarium;  and  the 
subarachnoid  fluid  accumulates  at  this  part  to  fill  up  the  interval 
between  the  upper  convolutions  and  the  bone. 

This  leads  me  to  say  a  word  or  two  respecting  the  ofEce 
of  the  subarachnoid  fluid  as  a  means  of  permitting  the  vari- 
atjoDS  in  the  size  of  the   braiu,  which  are  necessary  attendants  upon 
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variations  in  its  fimction.  This  fluid,  occtipying  the  meshes  of  the  pia  j 
mater  and  consistiug  of  senirn,  appeal's  to  be  cliiefly  the  result  of  an 
exudation  from  the  numerous  small  vessels  ramifying  in  that  mem- 
brane, and  is  capable  of  being  quickly  effused  or  qoickly  absorbed  as  ^ 
oocaaion  may  require,  Accoi-dingly,  when  the  Intellectual  functions  are  I 
in  high  activity,  and  the  braki  is  of  sullicient  size  to  fill  up  the  cranial 
cavity,  the  subarachnoid  fluid  exists  in  amaU  quantities.  But  when, 
on  the  other  hand,  owing  to  general  wasting  of  the  body,  or  to  inactivity 
of  the  mental  functions,  the  bi'ain  shrinks,  then  the  fluid  oozes  forth, 
and,  accumulating  in  the  pia  mater,  fills  up  the  interspace  lefl  between 
the  brain  and  the  skull.  In  persons  who  have  died  of  phthisis  or  after 
protracted  illness  of  any  kind,  esjiecially  illness  dependent  upon  chronic 
cerebral  disease,  in  old  perwms,  and  in  those  who  have  been  long 
addicted  to  drink,  the  brain  is  often  foiuid  to  have  shrunk  a  good  deal, 
and  the  pia  mater  covering  the  convolutions  and  dipping  between  theia 
is  swollen  and  sc>dd«n  with  infiltrated  subarachnoid  fluid.  This  was 
foi-merly  thought  to  be  a  morbid  condition,  was  designated  by  the  term 
"  siapous  apoplexy,'*  and  was  often  thongbt  to  be  a  cause  of  death.  It  is 
now  known  to  be  only  a  natural  and  salutary  phenomenon.  A  some- 
what similar  provision  exists  in  the  ventricles  of  the  brain;  and  the 
same  result  appears  in  some  instances  to  be  attained  by  tMckening  of 
the  dura  mater  and  arachnoid,  and  by  deposit  of  bone  upon  the  inner 
tables  of  the  skull,  particularly  on  the  frontal  bone'. 


THE  OKBITS, 

The  bones  of  the  face  are  arranged  to  enclose  the  cavities 
the  eyea,  the  nose,  and  the  mouth,  and  to  give  etrength  to  the 
apparatus  for  masticating  the  food ;  and  the  two  former  organs  are 
placed  as  guardians  over  the  month. 

Upper  and  ^^  mau,  as  compared  with  other  animals,  the  face  is  but 

lawpr  margins    ^  gmall  appendafi^e  to  the  cranium,  being  much  inferior  iu 
punc  size,  and  compressed  beneath  its  fore  part;  and  the  dis- 

podition  of  the  facial  bones  in  a  nearly  vertical  manner  beneath  the 


*  Atiefntion  ha»  been  purticuUrly  directed  to  this  aubject  by  Dr  SiiiiB,  ill  bui  pi^Mr  i 
an  hy|»ertro|>hy  and  atrophy  of  the  braiu,  in  the  19th  Vol  of  the  Medico-Ckir' 
Trtmiociioni. 
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"cranium,  instead  of  projecting  obliquelj  in  front  of  it,  which  is  the 
case  in  all  other  animals,  causes  the  lower  or  maxillary  margiBB 
of  the  orbits,  in  tlie  well-formed  skull,  to  l>e  in  the  Bame  vertical 
plane  with  their  up]>er  or  frontal  margins,  or  nearly  so*  The  eyes, 
consequently,  look  straight  forward,  in  the  erect  posture^  and  occupy 
a  commanding  position  in  reference  to  the  body,  and  to  the  lower 
as  well  as  the  upper  extremities.  Such  an  amount  of  ocular  sur- 
veillance over  the  limbs  is  peculiar  to  man^  and  has  relation  to  the 
more  complete  subjugation  of  his  extremities  to  the  dominion  of 
the  will  (p.  88). 

The  great  breadth  of  the  fore  part  of  the  human 
cranium  also  allows  the  orbits  to  be  placed  in  front, 
instead  of  on  the  sides  of  the  head,  and  renders  their 
inner  walls  parallel,  or  nearly  so.  In  the  lower  animals,  on  the 
contrary,  the  latter  are  inclined  inwards  as  they  pass  backwards, 
so  that  they  nearly  meet  behind.  This  parallelism  of  the  inner 
walls  of  the  orbits  in  man  is  associated  with  the  parallelism  of  the 
optic  axes,  and  contributes,  therefore,  to  that  clear,  accurate,  and 
Steady  vision  which  results  from  the  ready  convergence  of  the  eyes 
upon  any  object. 

The  near  approach  to  parallelism  in  the  orbits  and 
«zt«Dd  i^Dgo  optic  axes  in  man  is  necessarily  attended  T;\ath  a  limita- 
*^  tion  of  the  range  of  his  vision,  although  the  outer  marginB 
of  the  orbits  are  in  a  measure  suppressed  to  lessen  this  restriction. 
A  great  compensation  is,  however,  afforded  by  the  free  and  rapid 
rotatory  movement  of  the  head  upon  the  neck,  which  is  sufficient  to 
enable  us,  by  turning  the  head  to  either  side,  to  see  beyond  the 
middle  line  behind;  so  that  we  possess  the  power  of  bringing  the 
whole  circle,  in  the  centre  of  which  we  may  be  placed,  into  the 
range  of  vision  without  moving  the  shoulders*  The  backward  or 
retiring  slant  of  the  outer  margin  of  the  orbit  is  greater  at  the 
lower,  or  malar  part,  thereby  permitting  a  greater  extension  of  the 
lateral  range  of  vision  upon  the  ground  where  it  is  most  wanted; 
whereas  above,  the  prominence  of  the  external  angular  process  of 
the  frontal  bone  serves  to  protect  the  eye  from  injury  in  the  direc- 
indproicet  ^^^  ^  which  blows  are  most  likely  to  come.  On  the 
inner  side  protection  is  afforded  by  the  prominence  of 
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the  nose  and  the  overhanging  of  the  brow,  which  ia  increased  hy 
the  development  of  the  frontal  siDuses.  It  may  be  observed  that, 
although  the  outer  half  of  the  margin  of  the  orbit,  which  is 
formed  by  the  malar  bone  and  the  external  angular  process  of  the 
frontal  bone^  is  slanted  backwards  so  as  to  increase  the  lateral 
range  of  vision,  it  is  sharp  and  rather  incurved,  overhanging  the 
orbital  cavity.  The  inner  margin  of  the  orbit,  on  the  contrarj% 
though  advanced  further  forwards,  is  sloped  towards  the  nose, 
away  from  the  cavity  of  the  orbit,  so  that  it  ia  not  well-defined, 
and  scarcely  interferes  with  the  range  of  vision  in  that  direction. 
This  is  most  apparent  at  the  inner  and  upj)er  edge  of  the  orbit; 
and  the  extension  of  the  opening  of  the  cavity  in  this  manner, 
where  it  is  bounded  by  the  internal  angular  process  of  the  frontal 
bone,  in  conjunction  with  the  repression  of  its  malar  boundary 
at  the  diagonal  point,  gives  to  it  an  oval  form;  the  long  dia- 
meter of  the  oval  being  drawn  from  the  middle  of  the  malar 
bone  to  the  internal  angular  process  of  the  frontal  bone.  (PL  XV. 
%.3). 

Each  orbital  cavity  is  of  conical  form,  its  apex 
being  at  the  confluence  of  the  foramen  lacerum  with  the 
sphenomaxillary  fissure.  It  is  not,  however,  by  any  means,  a  true 
cone,  forasmuch  as,  from  behindj  its  inner  wall  is  directed  nearly 
straight  forwards,  whereas  the  outer  wall  slants  outwards  and  for- 
wards. 

ReiftUon  to  tiia  '^^^  optic  axcB,  by  wliich  I  mean  lines  passing 
optk  *xe«.  through  the  antero-posterior  diameters  of  the  eyes  from 
the  middle  of  the  come®  to  the  "foramina  of  Soemmerring,"  are 
parallel  with  the  inner  walls  of  the  orbits,  and  with  one  another,  in 
the  state  of  rest  Under  the  muscular  influence,  which  is  called 
into  play  when  the  eyes  are  used,  this  parallelism  is  destroyed,  and 
the  optic  axes  are  then  made  to  converge  upon  the  object  we  are 
examining. 

ThidrtoaOT  '^^^  Surfaces  of  the  orbits  arc  not  marked  by  many 

■'"*^*^  foramina  for  blood-vessels;  they  are  smooth,  and  the 

periosteum  ia  loosely  connected  with  them.  In  performing  opera- 
tions within  the  orbit  it  is  well  to  bear  this  in  mind,  as  also  the 
position  of  the  fissura  lacera  and  its  direct  communication  with  the 


BliApe  of  th« 
orbits. 


cerebral  caTity,  for  fatal  results  would  be  likely  to  follow  too  free 
use  of  the  knife  in  this  direction. 
_  Of  the  seven  bones — the  frontal,  getlimoid,  lachrymal, 

uonbytiie  Sphenoid,  superior  maxillary,  malar,  and  palate — which 
enter  into  the  orbit,  the  last  forms  by  far  the  smallest 
part.  Indeed  we  are  disposed  to  wonder  at  its  appearance  there 
at  all,  80  constantly,  and  yet  making  so  very  small  a  contribu- 
tion to  the  wall  of  the  ca-v^ty.  We  find  it  forming  a  much  more 
important  constituent  in  the  orbit  of  carnivorous  and  graminivorous 
animals.  In  them  it  projects  in  front  of  the  sphenoid,  between 
the  frontal  and  maxillary  bones,  so  as  to  occupy^  more  or  less,  the 
place  of  the  os  planum  of  the  aethmoid,  which  disappears  from  the 
orbit  in  many  quadmmana  and  in  most  of  the  camiyora^ 
VMiettM in  Although  there  is  some  difference  in  the  shape,  there 

■iteudaiupe.  jg  jjq^  much  difference  in  the  size  of  the  orbits  in  the 
different  races  of  mankind.  It  is,  moreover,  remarked  by  Mr  Shaw^, 
that  **  whether  we  take  the  rickety  skull,  that  of  the  standard 
size,  or  that  of  the  giant,  the  diameters  of  the  orbits  measure  the 
same  in  all.''  This  uniformity  corresponds  with  that  of  the  size 
of  the  eyes ;  and  in  fcetal  and  early  life  the  orbits  are  large,  which 
has  relation  to  the  early  development  and  growth  of  the  eyes. 
With  regard  to  the  differences  of  shape  manifested  at  birth  and  in 
the  adult,  see  PI.  XV.  figs.  3  and  4,  with  the  description* 

THE  NASAL  CAVITIES 

serve  three  chief  purposes.  Firgt,  they  are  the  channels  through 
which,  under  ordinary  circumstances,  air  passes  into  the  lungs. 
Secondh/,  they  minister  to  the  sense  of  smell.  Thirdh/f  they  give 
tone  and  fulness  to  the  voice.  A  certain  portion  of  them  is,  more 
particularly,  devoted  to  each  of  these  functions. 


1  In  most  cwmivora  the  paUte-boiie  exteodB  as  far  forwards  aa  the  Uchiymal  bone. 
The  latter  is  abo  mucb  more  lirgely  developed  in  them  atid  some  other  animalfl  thaa 
in  man.  In  many  of  the  rodentiaj  however,  the  paLato>bone  di>es  not  enter  into  tlia 
formation  of  the  orbit  at  all. 

"  Medico- Chirur^eal  Tran§actions,  ixvi.  p.  353. 
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Tiiew^rfimtoty  ^^^  P^^  beneath  the  middle  spongy  bone  of  each 
*«»*^  nostril,  that  ia  the  two  inferior  raeatua  narium,  lies  in  a 

direct  line  between  the  anterior  and  posterior  openings  of  the  nos- 
tril, and  forms  the  channel  for  the  passage  of  air  to  and  from  the 
lungs.  It  is  open  in  its  wliole  length ;  and,  the  floor  of  the  nostril 
being  smooth,  there  is  nothing  to  obstruct  the  current  of  air  here, 
except  when  the  soft  palate  is  placed  in  contact  with  the  hinder 
surface  of  tlie  pharynx  during  tlie  act  of  swallowing.  These  twa 
lower  meatus  are  lined  by  a  vascular,  highly  sensitive,  mucous 
membrane,  interwoven  with  the  periosteal  tissue;  but  it  appears 
that  the  olfactory  nei*ves  reach  them  in  very  scanty  numbers,  if 
they  do  so  at  all  Accordingly,  tlie  sense  of  smell,  though  not 
entirely  absent,  is  not  present  in  this — the  respiratory — tract  of  the 
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DESCRIPTION  OF  PLATE  XIII. 

P|g»  I.  Double  cleft  palate  &om  a  man,  A^  the  vomer  deeccnding  obliquely 
downwards  and  forwards  from  {S}  the  apbenoid  bone.  It  doee  not  reach  the  level  of 
{Cmid  D)  the  palatine  processefl  of  the  palate  and  maxillary  bones  till  near  the  alveoli ; 
ConiGqucntly  the  cleft j  though  double  in  front,  ia  single  berhind,  J?.  the  intermaxillary 
bones,  eonai^ting  of  mere  strips  of  bone  united  to  one  another  in  the  median  line  and 
to  the  vomer  behind  by  eutures.  They  project  m  front  of  the  line  of  the  alveoli  and 
carried  a  piece  of  lip  on  their  anterior  extremity  which  was  tiear  the  tip  of  the  noae,  but 
no  teeth.  The  nasal  bones  {FF)  are  seen  through  tbe  Haaures  od  the  sidea  of  the  inter- 
marillary  bonee.  i,  place  for  the  third  mohur  tooth,  which  has  not  appeared; 
3,  aecond  molar;  3i  socket  far  flrat  molar;  4  and  5,  bicuspides;  6,  canine;  7,  a 
Bupemumerary  canine  tooth,  of  cylindrical  ahape,  which  Btands  at  the  fore  part  of  the 
maKillary  alveoH.  On  the  opposite  aide  there  ia  a  socket  (,8)  which  waa  occupied  by  a 
similar  tooth ;  there  ia  also  (9)  a  milk-tooth  remaining  between  the  anterior  bicuspid 
and  the  canine.  The  free  margins  of  the  palatine  processes  are  thin,  notched  and  curled 
a  little  dovmwards. 

Fig.  2.  Side  view  of  niiftl  tmsm.  A,  cut  surface  of  bosilar  process  of  occipital 
bono;  B,  poaterior  clinoid  process;  C^  anterior  do»;  I>,  sphenoidal  ainus  of  right  aide; 
Ef  do,  of  left  aide,  with  partition  projecting  into  it— a  bristle  runs  from  this  ainua 
through  tbe  opening  into  the  upper  meatus  narium ;  F^  ridge  of  ethmoid ;  <5,  cribri- 
form plate  of  do.  with  grooves  descending  from  it  to  jff,  the  upper,  and  /,  tbe  middle 
Bpongy  bone  ;  K,  the  suture  between  tbe  wthnioid  and  frontal;  X,  the  suture  between 
the  naial  and  the  fronta! — the  hriatle  is  passed  through  the  passage  from  the  frontal 
sinus  into  the  middle  meatus  narium;  if,  lachrymal  bone;  iV,  iincfifonn  process  of 
ethmoid;  0,  inferior  spongy  bone,  with  opening  into  antrum  above  it;  /*,  inter* 
maxillary  bone;  Q^  sutuml  line  between  it  and  maiiUa;  -R,  suture  between  palatirjo 
processes  of  palate  and  maxillary  bones ;  8^  do,  between  palate  and  tntemal  pterygoid 
portion  of  sphenotd ;  T,  spheno'palatiiie  bole. 
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nostril,  in  tiny  very  actitc  degree.  Tlie  inferior  spongy  bone  hanga 
eiirling  into  it,  bo  disposed  that  the  current  of  air  passes  along  both 
its  inner  and  its  outer  siirface. 

The  spongy  bones  present  a  remarkably  nneven, 
ehamielled  appearance:  and  t!ie  grooves  upon  their  siu*- 
faces  indicate  the  contact  of  the  large  vessels  that  ramify  in  their 
mucous  covering.  These  vessels  consist  of  dilated  channels,  inter- 
mediate between  the  arteries  and  the  veins ;  they  are  circumstanced 
somewhat  like  the  vessels  of  the  malpighian  corpuscles  of  the  kid- 
neys^ and  like  those  of  the  tufts  of  the  choroid  plexuses  of  the  cere- 
bral ventricles;  and  they  appear  to  serve  a  similar  puipose  with  them. 
Tliey  afford,  namely,  a  facility  for  the  more  watery  constituents  of 
the  blood  to  ooze  through  their  walls  upon  tlie  surface  of  the  mem- 
brane in  which  they  lie,  which  has  the  effect  of  keeping  it  moist. 
Were  it  not  for  some  pro^^sion  of  this  kind,  the  interior  of  the  nos- 
trils would  be  dried  by  the  continual  passage  of  air  through  them, 
and  would  ]je  unfit  to  minister  to  the  ordinary  sensations  of  the  part, 
as  well  as  to  that  perfectinn  of  the  sense  of  smell  which  is  possessed 
by  it  Tins  arrangement,  it  should  be  saidj  is  not  confined  to  the 
lower  regions  of  the  nostrils,  for  t!ie  same  exists  higher  up,  where 
the  olfactory  properties  arc  most  developed.  So  effectual  is  this 
provision »  tliat,  in  the  healthy  condition  of  the  membrane,  respira- 
tinu  through  the  nostrils  may  be  continued  for  hours  without  any 
inconvenient  dryness  being  perceived  ;  w^iich  is  not  quite  the  case 
with  regard  to  the  mouth,  as  will  be  testified  by  persons  who  are  in 
the  habit  of  sleeping  with  the  mouth  ojx^n.  When  they  awfike  the 
raucous  membrane  of  the  mouth  is  dry,  causing  discomfort  and  an 
inability  to  taste,  or  even  to  articulate  properly,  till  the  secretions 
are  restored  and  the  mouth  is  again  moistened  by  a  How  of  saliva 
and  mucus,  iloreover,  the  air,  becoming  moistened  in  the  nostrils 
and  in  the  rest  of  the  respiratory  tract,  is  more  fitted  to  perfonn  its 
part  in  the  work  of  respiration.  The  great  importance  of  the  secre- 
tion of  these  membranes  in  imparting  moisture  to  the  respired  air 
is  shown  by  certain  diseases  accompanied  with  fever,  in  which 
their  secretion  is  more  or  less  suspended ;  the  quick  breathing,  the 
lividity  of  face  notwithstanding  the  acceleration  of  the  respiration, 
and  the  liability  to  inflammation  of  the  lungs,  which  are  attendants 
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on  such  condition,  being,  in  all  probability,  due,  in  part  at  least,  to 
the  dry  state  of  the  respiratory  tracts.  The  drainage  of  the  tears 
also,  taking  plaee  through  the  lachrymal  duct,  whicli  opens  near  the 
fore  part  of  the  inferior  meatus,  where  the  flow  is  directed  by  the 
ehape  of  the  bone.^  backwards  along  the  floor  of  the  nostrils,  eon- 
tributes  to  keep  this  part  moist. 

Tiiediuied  A  forther  purj^ose  served  by  the  dilated,  tortuous, 

vSrot^cCT^Sia  <i^li*2ate  character  of  the  vessels  distributed  in  the  loose 
dreuuuon.  and  comparatively  unsupported  membrane  which  covers 
the  overhanging  spongy  bones  is,  that  they  serve  as  a  sort  of 
safety-valve  to  the  circulating  system ;  they  give  way  more  readily 
than  any  other  vessels  when  that  system  is  surcharged  with 
blood,  and,  allowing  a  certain  quantity  to  escape,  restore  a  proper 
balance,  and  so  prevent  an  eruption  in  other  parts  where  it  miglit 
be  more  serious.  In  an  especial  manner  do  they  minister  in  this 
way  to  the  brain,  placed,  as  they  are,  in  close  relation  to  it,  and 
having  a  direct  communication  with  its  longitudinal  sinus  through 
the  vein  which  travcr.'^es  the  foramen  coecum,  besides  their  various 
indirect  communications  with  vessels  passing  through  the  aath- 
moidal  holes  and  the  internal  orbital  foramina.  Supposing  the 
pressure  of  the  blood  to  be  increased  in  an  etjual  degree  in  the 
vessels  throughout  the  head,  either  by  hanging  the  head  down, 
by  obstruction  to  the  venous  trunks,  or,  which  amounts  to  the 
same  thing,  by  the  rarefaction  and  diminished  pressure  of  the  air, 
such  as  is  experienced  by  travellers  in  ascending  mountains,  we 
should  infer  that  the  dilated,  misupportcd  vessels  of  the  schnei- 
derian  membrane,  lying  upon  these  projecting  spongy  bones, 
would  give  way 'in  preference  to  the  vessels  of  the  brain,  which 
derive  a  uniform  support  from  the  nature  of  the  material  by  which 
they  are  surromided  and  the  closed  cavities  in  which  they  are  con- 
tained. And  this  is  the  case;  blood  being  foimd  to  flow  from  the 
nose  under  these  and  other  circumstances  of  the  like  kind.  Many 
an  attack  of  congestion  of  the  brain  and  apoplexy  has  been  warded 
off  by  a  nose-bleeding.  Indeed  it  is  probably  owing  to  this  safety- 
valve  afforded  by  the  nose,  and  to  the  peculiar  conditions  in  which 
the  vessels  of  the  brain  are  placed,  that  they  rarely  give  way 
unless  they  have  become  diseased. 
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Foreign  bodtet  ^^^  spoHg}'  1*01168  projecting  into  the  nostrils  assist, 
*'^**^  in   some   degree,   to   arrest   the  progress   towards    the 

larjTix  of  foreign  bodies  that  may  be  floating  in  the  air;  but  in 
this  oflSce  they  are  quite  secondary  to  the  hairs,  which  guard 
the  external  orifice  so  effectually  that  only  very  minute  bodies 
find  an  entrance  at  alb  Every  now  and  then,  as  we  walk  along 
with  the  mouth  open,  a  fly  is  earned  into  the  larynx  and  excites  a 
\*iolent  and  irresistible  fit  of  coughing;  but  this  rarely  happens  if 
the  mouth  be  closed.  Of  those  bodies  which  do  succeed  in  passing 
the  capillary  guardians  of  the  nostrils,  some,  if  in  a  y^ry  sub- 
divided form,  and  inhaled  incautiously,  are  carried  into  the  larynx. 
Thus  a  pinch  of  fine  snuff  generally  causes  the  uninitiated  to  cough* 
When  the  taker  has  learnt  more  caution,  or  has  acquired  by  prac- 
tice a  better  mode  of  inhaling,  he  contrives  to  direct  the  current 
towards  the  upper  part  of  the  nostril,  where  the  fine  particles  are 
caught  upon  the  moist  membrane  wdiich  is  disposed  over  the  irre- 
gularly-shaped walls  of  the  passage,  and  where  they  excite  the 
desired  sensation  by  their  contact  with  the  schneiderian  mucous 
tissue,  instead  of  causing  annoyance  by  being  wafted  into  the 
larynx* 

Thebimxicimi-  ^  ^^  passag©  through  the  nostrils,  the  air  not  only 
Uttngintue      abstracts   moisture  from  the   blood,   it   has  the  effect 

wwtdlfloxy-  ^  ' 

wtaMX04,  of  purifying  and  decarbonizing  that  fluid   circuhating 

in  the  vessels  of  the  schneiderian  membrane  in  some  slight 
degree.  So  that  the  nostrils  may  be  regarded  as  constituting  an 
extension  of  tlie  respiratory  tract  on  tliis  account,  as  well  as  from 
their  affording  channels  for  the  passage  of  air  to  and  from  the 
lungs.  • 

A  section  of  the  skidl  shows  that  the  bone  forminer 

Floor  of  the  .      .        .   , 

Kwtrik  sloped  the  scptum  between  the  nose  and  the  mouth  is  thick  at 
Mcretkma  bttck-  the  forc  part,  where  it  consists  of  the  alveolar  portions  of 
'^'^  the  intermaxillary  bones,  and  that  it  gradually  decreases 

in  thickness  from  this  point  to  its  hinder  palatine  margin.  The 
slope  thus  given  U>  the  floor  of  the  nostrils,  considerably  increased 
by  the  integumental  and  other  structures  which  clothe  the  anterior 
openings,  facilitates  the  passage  of  mucous  and  other  secretions  in 
a  backward  direction,  so  that  they  flow  over  the  soft  palate  into  the 
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phaiynx  iiiBtead  of  streaming  upon  tlic  face.  TIiiis  the  shape  of 
the  bones  at  this  part  aids  the  cilise  of  the  epithelial  coat  of  the 
nostrils  in  directing  the  passage  of  the  mucuB  in  the  most  con- 
venient and  agreeable  manner.  These  cilise,  which  are  found  npon 
the  whole  of  the  mucona  membrane  of  the  nose,  including  its  sup- 
plementiil  cavities,  with  the  exception  of  a  small  space  near  the 
extenial  orifice,  are  probably  the  chief  agents  in  conducting  the 
secretions  of  the  membrane  in  the  requisite  direction ;  and  in  some 
places,  as  the  maxillary  sinuses,  they  would  seem  to  be  the  only 
powers  concerned  in  the  process. 

TheoifiurtoTy  "^''^  superior  and  middle  spongy  bones  and  the  con- 

***^  tiguons  laminie  of  the  sBthmoid  are  the  parts  upon  the 

mucous  covering  of  which  the  olfactory  ner\'es  are  chiefly  distributed. 
The  more  delicate  impressions  of  smell  may  be  perceived  to  take 
place  in  this  region  of  the  nostril,  which  is  so  placed^  above  the  line 
between  the  anterior  and  posterior  openings  of  the  nose,  that  in 
ordinary  easy  breathing  not  much  air  enters  into  it,  and  no  acute 
sensations  of  smell  are  excited.  The  perception  of  odours  aroused 
by  the  air  in  its  passage  through  the  lower  meatus  of  the  nose  is 
sufficient  to  warn  us  against  noxious  effluvia,  &c.  but  is  not  of 
that  finer  quality  which  results  from  the  impressions  made  in  the 
higher  part  of  the  nostrils.  Accordingly,  when  we  desire  to  bring 
the  sense  of  smell  more  particularly  into  operation,  we  contrive  to 
direct  the  current  into  the  upper  part  of  the  nostrils  by  increasing 
tlie  blast  through  them*  This  we  do  in  two  ways.  First,  by  a 
succession  of  sharp,  short  inspirations.  Secondly,  by  compressing 
and  modifying  the  shape  of  the  external  orifices  of  the  nose,  A 
similar  effect  is  produced  by  placing  any  foreign  body  in  front 
of  the  nose,  which  partially  obstructs  the  entrance  of  the  air, 
and  which,  interfering  with  the  slow  regular  current  through 
the  lower  part  of  the  nostrils,  causes  more  blasts  and  more  eddiea 
and  currents  through  the  various  upper  chambers  of  those  cavi- 
ties. Thus  we  are  often  first  conscious  of  an  odour  in  the  air 
when  we  place  a  handkerchief  over  tlie  face  for  the  purpose  of 
blowing  the  nose.  It  has  been  found  by  experiment  that  the  in- 
sertion of  a  txibe  into  the  nostril  interferes  very  much  with  the 
sense  of  smelh    Doubtless  it  does  so,  in  great  measure  at  least, 
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"becfiiisc  it  destroys  the  power  we  possess,  through  the  medium  of  a 
flexible  and  nmscukr  external  orifice,  of  regidating  the  bhtsts  and 
directing  the  eurrenta  of  air  into  the  upper  chambers  of  the  no«e. 
So  that  these  nasal  cartilages  and  the  muscles  connected  with  them 
perform  for  the  organ  of  emell  an  office  somewhat  similar  to  that 
which  the  iris  performs  for  the  eye  and  the  muscles  of  the  raem- 
brana  tympani  for  the  ear. 

setuwofRmr-u  It  IS  worthy  of  remark  that  the  sense  of  smell  is 

™i»tol^«^-  excited  in  a  comimratively  very  slight  degree  during 
nmioT&ir.  expiration,  although  the  same  air  which  had  just  entered 
by  the  nostrils,  and  had  reached  probably  no  ftirther  than  the 
trachea,  is  immediately  returned  through  them.  This  want  of 
appreciation  of  returning  odours  may  residt,  either  from  the  shape 
of  the  nostrils  and  tlieir  resi>ective  orifices  being  so  arranged  as 
not  to  direct  the  expiratory  current  into  the  upper  chambers  of 
the  nostril ;  or  from  an  entire  absence  of  any  means  of  regulating 
the  blast  at  the  posterior  openings ;  or  from  some  particular  mode 
of  arrangement  and  disposition  of  the  nerves  ]  or  from  two,  or  more, 
of  these  causes  combined. 

^    .     ,  _  Judgini^  from  my  own  sensations,  I  should  say  that 

meUboiMt  the  part  of  the  nostril  in  which  the  sense  of  smell  is 
most  acute  corresponds  with  the  anterior  portion  of  the 
middle  spongy  bone.  This  accords  with  the  facts  that  the  olfactory 
nerves  have  there  broken  up  into  their  finest  snbdi\'isions,  and  that 
the  membrane  which  covers  tliat  bone  is  very  vascular-  It  will  be 
seen  also  that  the  interior  surface  of  the  middle  spongy  bone,  the 
part  of  it,  namely,  which  hangs  lowest  in  the  nostril,  is,  in  front> 
flattened  out  so  as  to  increase  the  surftice  exposed  to  the  current  of 
air,  and  is  mncli  marked  by  grooves  and  holes.  This  part  is  often 
greatly  developed  in  monkeys*  Its  situation  in  man  is  better 
adapted  to  the  purpose  of  ministering  to  the  sense  of  smell 
than  any  other  part  of  the  nostril,  being  just  above  the  direct 
line  of  the  ordinary  current  of  air  to  and  from  the  lungs,  yet  so 
near  to  it  that  a  very  alight  effort  is  required  to  direct  the  blast 
upon  the  bone.  The  disposition  of  this  bone  may  also  assist  in 
further  explaining  the  circumstance  just  now  referred  to  that  the 
sense  of  smell  is  excited  very  imperfectly  or  not  at  all  by  the  expired 
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air;  for  its  lower  edge  is  slanted  from  behind  forwards  and  up- 
wards; 80  that  ita  hinder  Ibiilbous  portion,  hanging  the  lowest, 
must,  to  a  yerj  considerable  extent,  shelter  the  fore  part,  where  the 
olfactory  sense  Ib  most  acute,  from  the  expiratory  current.  The 
lower  spongy  bone  presents  the  same  shape  and  obliquity,  though 
in  a  less  marked  manner.  I  need  scarcely  say  that  this  provision 
for  protecting  the  fore  parts  of  the  bones  from  the  expiratory  cur- 
rent will  have  a  corresponding  effect  in  exposing  them  to  the  air 
as  it  passes  in  the  opposite  direction. 

The  furtlier  office  which  the  nose  performs,  namely, 
that  of  contributing  to  the  proper  modulation  of  the 
voiccj  depends  in  great  measure  upon  the  various  cavities  and 
Btnme^  contiguous  to  the  nasal  fossse.  It  is  of  less  importance  than 
the  other  fimctions  to  which  the  organ  is  subservient:  and  it  is 
not  strictly  correct  to  say  that  any  part  is  especially  assigned  to 
this  work;  for  though  all  the  meatus  and  cavities  of  the  nose 
combine  to  give  the  desired  tone  to  the  voice,  none  are  constituted 
primarily  for  that  purpose,  there  being  an  evidently  more  useful 
intention  fulfilled  by  the  fonnation  of  each.  Thus  the  lower  part 
of  the  nostrils^ — the  region  of  the  inferior  spongy  bone^ — ministers 
primarily  to  the  function  of  respiration,  as  the  higher  part— the 
region  of  the  middle  spongy  bone— does  to  the  sense  of  smell ;  and 
the  supplemental  cavities — ^the  maxillary,  frontal,  sphenoidal,  and 
the  SBthmoidal  sinuses— are  manifestly  excavated  for  the  chief  pur- 
pose of  diminishing  the  weight  of  the  fore  part  of  the  skull. 
Use  of  the  con-  Thesc  facial  or  nmal  8%nuse$  are  filled  with  air, 
ti^oaaiinnsea,  because  their  situation,  in  close  proximity  to  the  nasal 
fossaa,  affords  a  convenient  means  of  supplying  them  with  air, 
which  is  lighter  than  oil,  and  because  tlic  air  contained  in  them 
contributes  to  the  modulation  of  the  voice.  It  is  clear  that  they 
can  have  no  particular  influence  upon  either  respiration  or  the  sense 
of  the  smell,  because  they  are  removed  from  the  ref^piratory  cur- 
rent, and  because  the  olfactory  nerves  do  not  reach  them ;  neither 
are  they  supplied  with  very  acute  sensation  of  any  kind.  The  ori- 
fices by  which  they  communicate  with  the  nasal  fossae,  though  of 
moderate  size  in  the  dry  bones,  are  so  much  diminished  by  the 
mucous  membrane  they  transmit,  that  they  are  only  large  enough 
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to  permit  air  to  pass  to  and  fro  for  the  purposes  of  ventilation. 
These  sinuses  are  not  found,  or  are  verj^  diminutive,  in  the  lower 
animals,  many  of  which  breathe  entirely  by  the  nostrils,  and  their 
sense  of  smell  is  generally  more  acute  than  in  man.  It  has  been 
supposed  that  the  sinuses  minister  to  the  sense  of  smell,  because 
they  attain  their  maximum  size  after  childhood,  when  the  powers 
of  distinguishing  odours  is  also  becoming  more  acute.  It  should 
rather  be  said,  that  their  development  is  contemporaneous  with  the 
downward  growth  of  the  facial  bones.  In  proportion  as  this  goes 
on,  and  the  vertical  distance  between  the  alveoli  and  the  cranium 
is  increased,  so  are  tlie  sinuses  excavated  to  lessen  the  gradually 
pi*eponderating  weight  in  this  part  of  the  skull,  and  to  maintain  a 
near  approach  to  equilibrium  between  the  regions  in  front  and 
those  behind  the  occipital  condyles.  This  vertical  direction  of  the 
face,  and  the  consequent  fonnation  of  the  sinuses,  have,  as  we  have 
already  seen,  relation  to  the  erect  posture  of  man ;  and  they  have 
relation  also  to  the  fact  that  the  jaws  are  confined  to  the  work  of 
mastication,  and  are  not  employed  as  prehensile  or  defensive  organs. 
For,  when  the  jaws  are  thrown  forwards  to  serve  the  latter  pur- 
s,  the  alveoli  of  the  superior  maxillary  bones  do  not  descend 
below  the  level  of  the  base  of  the  skull ;  and  there  is,  accordingly, 
no  space  afforded  for  the  formation  of  the  sinuses.  In  those 
negroes,  whose  crania  approach  most  nearly  to  the  animal  type^  the 
sinuses  are  also  comparatively  smalL 

Another  peculiarity  of  the  human  nose,  which  also 

nirwrtioo  of  the  .  .  .  .  , 

openijiBorooi'  has  relation  to  the  verticiil  direction  of  the  face  and  the 
consequent  vertical  depth  of  the  nasal  cavities,  is  the 
position  of  the  anterior  opening  of  the  nostrils.  Instead  of  being 
carried  forward  with  the  mouth,  and  looking  either  upwards  or 
straight  forwards,  or  forwards  and  outwards,  at  the  end  of  the 
snoutj  they  are,  directed  downwards  and  overhang  the  mouth. 
tim>  bridge  of  ^^^^  elevation  of  the  bridge  of  the  nose,  which  forms 

ttwaoM.  gQ  important  a  feature  in  the  human  face,  results  from 

the  oblique  direction  of  the  nasal  bones,  and  from  their  inner  or 
apposed  edges  being  elevated  beyond  the  level  of  their  outer  or 
maxillary  margins.  The  projection  of  the  nose  forwards  is  caused, 
in  part,  by  the  angle  of  junction  of  the  nasal  with  the  frontal 
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bones,  and  in  part  by  the  antero-poaterior  curvature  of  the  nasal 
bones  in  the  course  of  their  length.  Both  the  prominence  of  the 
bridge  and  the  forw^ard  direction  of  the  extremity  of  tlie  nasal 
bones,  as  well  as  the  downward  direction  of  the  external  orifices  of 
the  nostrils,  are  designed  to  increase  the  apace  in  the  upper  cham- 
bers of  the  nose,  and  to  assist  in  giving  an  upward  direction  to  the 
current  of  air  into  those  chambers.  In  the  lower  animals,  where 
the  antero-posterior  diameter  of  the  nose  is  increased  at  the  expense 
of  the  vertical  diameter,  no  such  arrangement  ia  required.  The 
bridge  is,  in  consequencCj  flattened,  and  the  nostrils  open  forwards, 
or  forwards  and  outwards. 

chADBcs  frith  ^^  birth,  when  the  face  Ls  very  short,  the  nostrils 

growtii.  aj^  little  more  than  mere  tubes  directed  from  before 

backwards  ^  and  the  nose  is  flat  and  broad,  approaching  to  the  ani- 
mal type.  As  the  face  grows  downwards,  the  nose  becomes  elon- 
gated in  the  same  direction,  its  bridge  is  thrown  forwards,  and  it 
becomes  relatively  narrowed*  The  different  degrees  in  which  theae 
changes  occur  give  rise  in  part  to  the  varieties  of  sliape  observed  in 
different  individuals.  They  take  place  in  a  less  marked  manner  in 
the  negro  and  Polynesian  than  in  the  European ;  and  when  carried 
to  the  greatest  extent  they  give  rise  to  what  is  called  the  Roman 
nose.  The  larger  space  provided  to  the  nasal  cavities  by  them 
permits  the  more  perfect  development  of  the  organ  of  smell ;  and 
the  supplemental  nasal  cavities  are  at  the  same  time  formed.  The 
septimi  often  does  not  preserve  a  true  vertical  direction,  being 
Inclined,  in  its  middle,  towards  one  of  the  maxillte.  This  ia 
usually  associated  with  an  inordinate  growth  of  the  middle  spongy 
bone  which  lies  on  the  concave  side  of  the  septum ;  and  when 
mucous  pol}^i  axe  formed  they  commonly  grow  on  this  side. 
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The  great  proportionate  size  of  the  cranial  to  the  facial  part  xb 
the  grand  characteristic  of  the  human  skull;  and  it  corresponds 
with   the   superior   power  which   man   possesses    of  appreciating 
external   impressions,  of  corapariag  them,  and  drawing  inferences 
from    tliem.     In   many   of  the   lower  animals  the   capability  of 
receiving  impressions   is   far  greater  than  in  man,  but  by  none 
is   the  power  of  turning  them   to   account,  that   is,  of  deriving 
information  from  them,  possessed  so  fully  as  by  him.     This  more 
than  compensates  for  any  inferiority  in  his  receptive  organs;  and 
it  is,  as  we   might  expect,  associated  Tvith  a   greater   nicety  in 
the  perception  of  impressions,  though  these  perceptions  may  be 
less  strong  and  vivid ;  just  as  his  volitional  control  over  the  move- 
ments of  his  limbs  is  more  direct  and  exact,  though  the  move- 
ments themselves  are  less  powerful  than  in  many  of  the  lower 
animals.     Thus  the  superiority    of  the  brain  much   more  than 
makes  amends  for  any  inferiority  of  the  sensational  and  muscular 
organs,  and  enables  man  to  maintain  the  dominion  over  the  brute 
creation.    We  must  not,  however^  allow  this  train  of  thought  to 
lead  us  to  the  idea  that  the  well-developed  physique  is  in  man 
not  compatible  w^ith  a  well-developed  brain  and  with  a  powerful 
intelligence,   or  to  the   supposition  that   these  do   not   naturally 
co-exist.     Such  would  be  an  entire  mistake.     On  the  contrary,  we 
have  found  from  an  examination  of  the  several  varieties  of  the 
human  species  (page  93),  that  a  high  order  of  intelligence  and  a 
well  formed  powerful  frame  usually  go  together;   and,  it  may  be 
added,  that  to  the  perfect  man  a  full-sized  face  and  well-developed 
limbs  are  almost  as  essential  as  an  ample  cranium.     The  important 
point  is,  not  that  the  senses  should  be  deficient  in  acutcness  or 
the  muscles  in  power,  but  that  the  brain  should  be  vigorous  to 
collate  and  reflect  upon  tlie  impressions  derived  from  the  former, 
and  to  direct  with  precision  the  movements  to  be  executed  by 
the  latter,     Tlie   accurate  observers  and   thoughtful    delineators 
of  the  human  frame  in  olden  times  were  well  aware  of  this,  and 
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repreaented  their  sages,  as  well  as  their  heroes,  with  fine  faces  and 
well-formed  limbs,  no  less  scrupulously  than  with  rising  foreheads. 
iMjrtindiv©  ^  hB,Ye  Several  times   had  occasion   to   remark  on 

pecuiiitriUes  of  certain  approximations  to  the  lower  animals  which  are 

buman  mud  *  * 

cbimpuuee  presented  by  the  bones  of  some  members  of  the  human 
family.  Some  of  tliege  are  striking  and  bateresting,  as 
Boftening  down  the  line  which  separates  man  from  other  animals. 
Still  they  do  so  in  a  slight  degree  only;  for  it  is  certain  that  the 
differences  between  the  skulls  of  the  several  races  of  meu  bear  no 
comparison  with  those  wliich  exist  between  the  skull  of  the  lowest 
of  the  human  species  and  that  of  the  animal  which  approaches 
nearest  to  us,  A  mere  glance  at  the  two  is  enough  to  assure  one  of 
that.  It  is  impossible  for  a  moment  to  compare  the  skull  of  a 
negro,  or  even  that  of  an  idiot,  which  latter  will  be  found  to  exhi- 
bit generally  the  peculiarities  of  the  race  to  which  it  belongs,  with 
the  skull  of  the  chimpanzee  or  orang,  without  feeling  convinced 
that  they  must  appertain  to  entirely  different  species;  so  marked 
in  the  monkey  is  the  projection  of  the  muzzle,  the  preponderance  of 
the  facial  in  comparison  with  the  cranial  part  of  the  skull,  and  the 
position  of  the  latter,  not  above,  but  behind  the  face.  Professor 
Owen  has  pointed  out  several  other  distinctive  peculiarities  in  the 
chimpanzee,  such  as  1,  The  *'  diastema''  or  iuter\^al  between  the 
cuspidate  and  incisor  teeth  in  the  uppex  jaw,  and  between  the  cus- 
pidati  and  bicuspides  in  the  lower  jaw.  2.  The  greater  size  of  the 
intermaxillary  bones,  indicated  by  the  distance  of  the  foramina 
incisiva  from  the  incisive  teeth,  and  their  remaining  distinct  from 
the  maxillary  bonea.  3,  The  more  backward  position  and  oblique 
plane  of  the  occipital  foramen*  4*  The  smaller  proportionate  size 
of  the  occipital  condyles.  5,  The  larger  proportionate  size  of 
the  petrous  bones.  6.  The  greater  proportionate  development 
of  the  jaws  and  teeth,  particularly  the  cuspidati.  7,  The  flat- 
ness of  the  nasal  bone,  which  is  rarely  divided  in  the  mesial 
line.  8.  The  presence  of  the  ant-auditory  process  of  the  tem- 
poral bone,  and  the  absence  of  the  mastoid  and  styloid  processes. 
9.  The  absence  of  the  crista  galli.  In  the  orang  utan,  which  is 
a  grade  lower  than  the  chimpanzee,  though  the  sphenoid  joins 
the  parietal,  which   it  does  not  in  the  latter   animal,   there   are 
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two  anterior  condyloid,  and  three,  or  more,  infra-orbital  foramina; 
the  cranial  eutnres  liecome  oLliterated^  but  the  maxillo-intermax- 
illary  are  more  persistent;  the  jaws  are  proportionately  larger;  the 
sagittal  crest  is  morep  and  the  superciliary  ridges  are  less,  de- 
veloped. Its  facial  angle*  is  S(f;  that  of  the  chimpanzee  is  35**. 
It  may  be  observed  that  the  young  of  these  animals  approximate 
more  nearly  to  the  human  t^'pe  than  do  the  adnlt  specimens,  which 
results,  in  part,  from  the  fact  that  in  them,  as  well  as  in  the  child, 
the  brain,  and  consequently  the  brain-case,  is  of  large  proportionate 
size,  and,  doubtless,  for  the  same  reason  (page  94). 
rnrantue  et%^  ^^  somc  respccts  the  skull  of  the  human  infant  pre* 

ninm.  sents  a  nearer  resemblance  to  the  skull  of  the  lower  ani- 

mals than  does  that  of  the  more  advanced  child  or  the  adult:  such 
as  the  existence  of  the  frontal  suture;  the  large  relative  size  of  the 
petrous  bone,  and  the  small  size  of  the  occipital  condyles;  the  absence 
of  the  mastoid  and  styloid  processes;  the  small  size  or  absence  of 
the  frontal^  sphenoidal,  maxillarj%  and  mastoid  cells;  the  sliortness 
and  obliquity  of  the  pterj^goid  processes  of  the  sphenoid,  and  the 
obtnseness  of  the  angle  of  the  lower  jaw.  These,  however,  are 
merely  to  be  ranked  among  the  many  indications  that  a  common 


^  The  facial  an^le  is  formed  by  &  line— the  facial  Zine— drawn  from  the  mort 
prominetit  part  of  the  frontal  bone  lo  &fl  to  interfleci,  at  the  fere  part  of  the  faoe,  a 
horizontal  line  drawn  through  the  lower  part  of  the  Doa«  and  the  orifice  of  the  ear. 
Having  been  first  ua«d  by  Camper  in  discriminatliig  the  difference  of  faces,  it  is  called 
Cam per'e  angle.  {Camper's  Workt^  by  Gogan,  1794,  pp.  33i  3^*)  Camper  makee  the 
fada!  angle  in  the  Negro  70"^  in  the  European  So**.  He  eays  the  Grecian  artist*  oboM 
100'',  the  beat  Roman  artists  limiting  themselves  to  95^.  If  it  exceed  lOq**  it  assumes 
the  appearance  of  hydrocephalus.  The  antiq^ue  adult  beauty  thus  represented  with  a 
facial  angle  of  100*'  setma  an  "  ideal  beauty"  not  existing  among  modems,  and  probably 
not  among  the  ancient  Greeks  themaelveis,  for  they  bare  never  given  such  a  form  when 
ihvy  limply  aimed  at  delineating  portraits.  In  a  child  of  a  year  old  Camper  makes 
the  hdal  angle  g5^  or  too^.  Cuvter,  LffonM  tTAnatomit  Oompar^e,  givea.  the  following 
measurements  of  the  facial  ang1<j : 


European,  infant    .         ,         .         , 

.    90' 

European,  miuU     . 

So" 

NqgrOj  adult            .         ,         ,          . 

.        70- 

Boiyesman,  female 

•        71" 

Orang-utan  (young) 

.        -        67" 

Orang-utan  (adult) 

.        40» 

Cbimpanzee  (young) 

.        .        67- 
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plan  has  been  adopted  in  the  constmction  of  the  vertebrate  classes, 
and  that  the  different  species  are  made  to  depart  fipom  it,  by  modi- 
fication of  it3  several  features  dnring  development,  so  as  to  fit  the 
various  membei*s  for  their  respective  positions  and  functions  in  the 
natural  world. 


Slrollii  or 

Wietiefl  of 
iQAxikliicL 


On  tlie  peculiarities  of  the  skull  in  the  different  varieties 
of  mankind,  I  do  not  profess  to  have  anything  new,  or  any 
opinions  of  my  own,  to  ofler.  The  subject  has  received 
great  attention  at  the  hands  of  Blumenbach,  Tiedeoiann,  Retzius,  Yan 
der  Hoeven,  Owen,  Pritchard,  Carpenter,  and  others,  so  that  I  have 
not  attempted  to  make  many  obsei-vations  for  myself  in  this  well- worked 
field,  and  am  content  to  dimw  the  following  information,  often  in  the 
words  of  the  author,  from  an  excellent  article  by  the  last-named  writer 
on  the  ** Varieties  of  Mankind"  in  the  Cyclopedia  of  Aiiatomt^. 

An  examination  of  a  large  collection  of  skulls  enables  ns  to  select 
three  tt/pical  forms  \  which  are— ^1)  tbat  of  a  Negro  of  the  Guinea  Coast 
or  a  Negrito  of  Australia,  the  most  marked  feature  of  which  is  the 
projection  of  the  jaws;  hence  this  t^pe  is  called  by  Br  Pritchard  the 
prognathous:  (2)  that  of  a  Mongolian  or  Tungusian  of  central  Asia, 
or  of  an  Eaquiraaux  or  Greenlander,  which  is  marked  by  the  breadth 
and  flatness  of  the  face;  this,  with  the  narrowness  of  the  forehead, 
give^  to  the  facial  aspect  somewhat  of  a  pi/ramuial  formj  which  is  the 
designation  appHed  to  this  type  by  Dr  Pritchard;  and  (3)  that  of  a 
native  of  Western  or  Southern  Europe,  wbich  is  not  distinguished  by 
any  particular  feature,  so  much  as  by  the  absence  of  the  longitudinal 


^ 


DESCRIPTION  OF  PLATE  XIV. 

Copied  from  (7yc%>etlia  af  Amtiomjf  (Art.  "  V&rietioa  of  Miknldnd"*). 

Figa.  I,  2,  3.    PrognatbouB  cr&nium  of  a  native  AtistriilijVEL  of  the  Western  Port 
tribe. 

^igS'  4r  5r  6-     Pyramidal  cnmium  of  Mongolian  race, 
FigB,  7,  8,  9.  EUiptical  cranium  of  European. 


*  Dr  Monro  remarka :  **  Thero  is  no  part  of  the  human  gkeleton  which  is  more 
variable  in  its  ahap©  and  the  proportion  of  its  seTeral  p«rtfr,  tlym  the  ekuU,  etren 
amofigat  the  inhabitanii  of  the  eame  nation/'     OuUinM  qf  Anatomy,  1.  183. 
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projection  of  the  first  type  or  the  lateral  projection  of  the  second,  and 
by  ft  general  symmetiy  of  the  whole  configuration,  which  has  given 
to  this  type  the  name  of  ovcd  or  ellipticaL 

Prognathotu  It  IS  the  prominence  of  the  jaws,  as  seen  in  profile, 

^^^  that  gives  the  peculiar  ugliness  to  the  Negro  and  Austra- 

lian* In  both  jawB  the  alveolar  ridges  project  so  that  the  front  teeth 
meet  at  an  angle.  Moreover  there  is  an  appearance  of  general  elon- 
gation of  the  cranium  from  back  to  front,  so  that  the  antero-posterior 
diameter  is  greater  in  proportion  to  the  lateral  thEin  it  is  in  the  oval 
cranium  \  being,  according  to  Y^  der  Hoeven,  6.96  inches  to 5, 11  inches; 
or  as  l»36  to  1.00:  whereas  the  average  length  of  the  European  sknll 
is  7.04  inches  and  the  breadth  5.47,  or  as  1.30  to  LOO.  It  will  be 
observed  that  this  depends  rather  upon  the  relative  narrowness  than  the 
elongation  of  the  Negro  cranium ;  for  its  absolute  length  is  less  than  that 
of  the  European.  The  temporal  muscles  cover  a  large  surface,  and  rise 
high  upon  the  parietal  bones;  and  the  zygomatic  arch  has  a  large 
opening,  which  is  given  by  a  forward  rather  than  a  lateral  projection 
of  the  cheek-bones.  The  forehead  is  sometimes  high;  but  seldom 
or  never  broad  or  full.  When  due  allowance  is  made  for  the  pro- 
jection of  the  alveolar  processes,  the  position  of  the  foramen  magnnm 
has  been  shown  by  Dr  Pritchard  to  be  as  central  in  the  Negro  as  in  the 
other  races,  its  anterior  border  beiug  immediately  behind  the  transverse 
Line  bisecting  the  antero-posterior  diameter  of  the  base  of  the  ci-anium. 
The  average  capacity  of  the  Negro  cranium  is  decidedly  less  than  that 
of  the  European.  On  the  other  hand,  the  facial  portion  is  not  only 
relatively  bnt  actually  larger.  The  nose  is  wider;  the  external  audi- 
tory meatus  is  remarkably  large ;  the  orbits,  though  sometimes  larger, 
are  sometiraes  smaller  than  in  the  average  of  Europeans. 

The  prognathous  type,  although  most  remarkably  developed  among 
the  negroes  of  the  Delta  of  the  Niger,  is  by  no  means  conined  to  them 
nor  to  the  African  races  in  general.  It  is  met  with  among  the  inhabit- 
ants of  various  quarters  of  the  globe;  but  is  nearly  always  associated 
with  squalor  and  destitution,  ignorance  and  brutality,  the  people  among 
whom  it  prevails  beiug,  for  the  most  part,  inhabitants  of  low  marshy 
tracts,  with  precarious  means  of  subsistence- 

pynunitiAi  The  outward  projection  of  the  z}'gomatic  arches  forms 

'^^*^  the  most  striking  feature  in  the  pyramidal  tj/pe  of  cranial 

conformation.  It  is  due  principally  to  the  peculiar  form  of  the  malar 
bones,  the  facial  surfiice  of  which  is  very  broad  and  flat,  but  partly  also 

15—2 
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to  the  large  rounded  sweep  of  the  zygomatic  process  of  tlie  temporal 
bone-  From  tMs  peculiarity,  in  couj unction  with  the  narrowness  of  the 
forehead^  it  results  tliat  lines  drawn  from  the  zygomatic  arches,  touching 
the  temples  on  either  side,  instead  of  bemg  parallel,  or  nearly  so,  as 
in  Europeans,  meet  at  no  great  distance  above  the  forehead,  and  form, 
with  a  line  joining  them  Mow,  a  triangular  figxire.  The  upper  part 
of  the  face  being  remarkably  flat,  the  nose  also  being  flat  and  the  nasal 
l>ones,  as  well  aa  the  space  between  the  eyebrows,  being  nearly  in  the 
same  plane  with  the  cheek-bones,  the  triangular  space  bounded  by  these 
lines  may  be  compared  to  one  of  the  faces  of  a  pyramid.  This,  how- 
ever, is  by  no  means  the  most  important  feature  of  the  type,  for  the 
antero-posterior  diameter  (according  to  the  average  of  sixteen  Laplanders' 
skulls  measured  by  Retzius)  is  only  6.90,  while  the  average  breadth  is 
5.78  inches.  The  orbits  are  deep  and  large;  and  the  conformation  of 
the  bones  which  surround  them  is  such  as  to  give  the  aperture  of  the 
lids  an  appearance  of  obliquity,  the  inner  angle  being  directed  down- 
wards.    The  lower  jaw  is  broads 

The  greater  part  of  the  races  representing  the  pyramidal  type  in 
a  well-marked  manner  may  be  designated  aa  pastoral  nomades, 
Ot*i  or  eiiip-  ^^  ^^  ^^  eUiptical  ti/pe  has  the  length  of  the  Negro, 

ticai  type,  ^^  more,  and  the  breadth  of  the  Mongolian.     It  is  particu- 

larly distinguished  by  the  lateral  fulness,  as  well  as  by  the  elevation, 
of  the  forehead;  the  breadth  continues  to  increase  above  tha  orbits, 
and  the  cranial  vault  is  rounded  and  capacious;  whilst  in  the  other  two 
the  breadth  diminishes  rapidly,  especially  in  the  frontal  region,  from 
the  floor  of  the  orbits  upwards.  The  zygomatic  arches  do  not  project 
much  laterally,  nor  the  jaws  in  front.  The  front  teeth  are  flxed  nearly 
vertical*     The  cranial  oivity  is  of  laige  size  \ 


Although  certain  specimens  present  the  above  character- 
istics in  a  well-m^ked  manner,  it  must  be  added  that  these 
luteal  forms  are  softened  down  in  intermediate  gradations,  so  aa  to 


ModUQi^iotui 
of  tfpec 


^  The  length  of  the  skull  and  jawH  m  nn  indicatiDn  of  the  degree  of  development  of 
the  poatedor  cerebral  lobes  aod  of  the  extent  to  which  they  ov*H-kp  the  cerebelliim. 
This  beiDg  a  main  dLatiD<±ioii  between  man  and  the  mammalia  moat  Dearly  approach' 
ing  bim,  mutt  he  a  feature  of  great  importance  in  the  different  varieties  of  the  human 
Bpeciei.  FrofeftBor  Eetaiij  has  acc^ordinglj  made  the  length  of  the  skull  the  basis  of  bit 
ethnological  claaeification,  and  arraogea  the  different  varietiea  of  mankind  in  two  great 
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present  a  contmuotia  series  from  one  type  to  another,  in  wliicli  no  Buch 
Iiiatus  k  left  as  would  justify  tlie  asaumption  of  the  specific  distinctneaa 
of  these  types.  Moreover  it  appears  that  very  great  modifications  ar© 
capable  of  being  produced  in  a  few  generations  by  external  causes,  such 
as  geographical  position,  habits  of  life,  ^'c. ;  thus  it  is  found  that  when 
a  Negro  or  Mongolian  tiibe  becomes  civilized,  and  inhabits  a  dry  culti- 
vated ti*act,  the  crania  of  its  members  begin  before  long  to  indicate 
^mptoms  of  an  approximation  to  the  European  type. 

It  is  also  highly  probable  that  the  distinctive  features  of  the  several 
types  are  less  strongly  marked  in  the  fcetal  than  in  adult  crania  of  the 
several  tribes.  I  do  not  know  that  this  has  been  made  a  matter  of 
observation;  but  it  is  a  reasonable  infereoca  from  what  has  been  said 
respecting  the  approximative  features  of  the  young  crania  of  man  and 
of  the  lower  animals,  as  well  as  from  the  general  fact,  that  distinctive 
peculiarities  are  in  great  measure  the  result  of  growtK 


situn«tbjTt]i. 


The  j>eculiaritie8  of  t!ie  skull  at  birth  may  be 
briefly  enumerated  as  follows.  It.^  relative  size  is  |^eat. 
It  ia  long  from  the  forehead  to  the  occiput  in  proportion  to  ita 
breadth.  Neverthclcaa,  it  is  broad  from  one  parietal  protuberance 
to  the  other  in  proportion  to  its  height,  the  measurement  from  the 
crown  to  the  base  being  small.    The  facial  and  basilar  portions  are 


climes :  the  huff-headtf  or  those  whose  cerebral  loben  completely  cover  the  cerebellum ; 
tbua  giving  an  utatomicJLl  emjiction  to  the  meaning  coDunonlj  implieiJ  m  the  term 
** long-headed;"  and  the  shori-h^ad^,  or  those  in  whom  the  cereliral  lobes  do  not 
extend  so  fof.     He  iubdivides  the  ckases  as  follows: 

Class  I.— Dolioocephala. 
Ord,  I,  Ovihofpiaihit.    Gaub,  Celts,  BritonSj  Scots,  Germana,  Scaiidinavianfl. 
Ord.  1.  Proffatitk(E,     GreenlanderS}   various  North   and   South  American   Indian 
races,  swcb  as  the  Cariba,  Botnculi,  &c.  Negroes,  New  Hollander!, 

Claba  II.— Brachyckphal-b. 
Ord-  I.  Orthognathy.     SkvonianSi  Finns,  and  other  TscbudiBch  races,  Affghans, 

Persians,  Turks,  Lappes,  &c* 
Ord.   3.    Ffognathir.    Tartars,    Kalmiicka,    Mongols,   Tarious  Nortb  and   South 
American  racea,  such  as  the  Incas,  Carruaa,  &o.  Fapoes. 
BritUh  and  Fortign  Mfdicai  Revktr,  xviri* 

Mr  Ward  has  made  experiments  showing  that  in  the  Esquimaux,  Chinese,  African, 
and  Flat-head  Indian,  the  anterior  segtuent  of  the  cranium  is  loss  capacious  than  the 
pofiterior;  while  in  the  German,  Hindoo,  and  Gi-ecian,  these  proportions  are  reversed, 
ifttiikKn  O*teo£o^,  p,  154. 
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of  small  size  in  companBon  with  the  remainder.  The  edges  of  the 
component  bones  are  only  jnst  in  contact,  the  sutures  having 
scarcely  begun  to  be  formed.  The  only  part  in  which  aily  indigi- 
tation  has  commenced  is  between  the  two  halves  of  the  frontal 
bone.  In  the  temporal  fossa  the  overlapping  of  the  parietal  by  the 
squamous  bone  has  not  commenced,  the  edges  of  the  two  being 
merely  in  apposition.  The  brain  ia  covered  in  by  bone,  except  at 
the  fontanelles.  It  has  thus  acquired  a  case  of  bone;  but  that  case 
is  yielding  in  consequence  of  its  segments  not  having  grown  to- 
gether; and  its  interior  is  not  impressed  by  the  cerebral  convolu- 
tions, the  digital  depressions  not  appearing  till  after  the  bones  are 
united.  The  frontal  and  parietal  protuberances  are  strongly 
marked.  The  under  surface  of  the  skull  is  almost  flat;  the  several 
parts,  including  even  tlie  lower  jaw,  being  nearly  on  a  level  with 
the  base:  it  has,  however,  a  slight  convexity  in  a  transverse  direc- 
tion^ which  gives  a  trifling  elevation  to  the  inner  sides  of  the 
glenoid  cavities.  In  the  course  of  growth  the  direction  of  this 
transverse  curve  is  reversed,  the  base  becomes  concave  instead  of 
convex;  the  jaws  also  gradually  descend  considerably  in  front,  and 
the  occiput  descends  a  little  behind  the  middle  point.  Tlie  raera- 
brana  tympani  is,  at  birth,  attached  to  the  ring-like  tympanic  bone, 
and  is  placed  very  obliquely,  almost  horizontally.  This  obliquity 
diminishes,  but  remains  through  life  in  some  degree.  The  tym- 
panic bone  Ijeing  very  small,  and  the  styloid  and  vaginal  pro- 
cesses being  not  yet  formed,  there  is  not  mucli  protection  against 
dislocation  of  the  jaw  backwards  from  the  glenoid  cavity.  That 
cavity  presents  nearly  a  plane  surface,  being  very  little  excavated, 
and  the  ridge  which  traverses  its  fore  part  not  being  yet  deve- 
loped; its  long  axis  is  nearly  transverse.  The  pterygoid  processes 
of  the  sphenoid  bone  are  short  and  sloped  obliquely  outwards  and 
forwards;  hence  the  posterior  openings  of  the  nostrils  are  propor- 
tionately less  deep  and  rather  wider,  especially  at  the  lower  part, 
than  they  subsequently  are  when  these  processes  have  grown  longer, 
and  have  assumed  a  more  vertical  direction^  The  occipital  con- 
dyles are  scarcely  perceptible ;  and  their  articular  surfaces  are 
nearly  flat,  on  a  level  with  the  sin-rounding  parts,  and  of  small 
size.     In  consequence  of  the  face  and  base  of  the  skull  being  so 
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small,  the  condyles  are  placed  rather  in  front  of  the  line  of  gravity. 
The  child  accordmgly  cannot  eiisily  maintain  an  equipoise;  and 
the  head  is  continually  falling  forwards  or  backwards,  or  to  one 
side.     Had  the  condyles  been  at  all  prominent,  the  difficulty  of 


DESCBIFnON  OP  PLATE  XV. 
SecHons  of  Crania  from  New-horn  ChUd  and  from  AduU» 

Fig,  i.  Vertical  section  of  adult  cnuiium,  a  little  to  the  lef%  of  the  median  line, 
fthowlng  the  acptum  nnsi,  the  lino&r  junotioD  of  middle  plate  of  the  eethitioid  {A)  with 
the  aphenoid  {F)  and  with  the  vomer  {B).  The  upper  free  edge  of  the  Utter  is  grooved 
for  the  reception  of  the  cartilage  of  the  septum  naai.  0  the  projecting  rostrum  of 
spheo<wl  received  into  a  retiring  angle  of  the  lethmoid.  D  is  the  ridge  rising  above 
line  of  union  of  palatine  portions  of  palatti  and  maxillary  bones  of  either  Hide.  A  wavy 
linear  suture  unites  it  with  vomer.  E  the  suture  between  palatine  portion  of  maxil- 
hiry  bone  and  the  intermaxillary  booe  (A").  It  b  continued  above  into  the  vutuns 
l>etween  intermaxillary  bone  and  vomer.  There  are  two  ffphenoid&l  sinuaea,  of  which 
the  Itifl  {F)  communicates  with  the  left  nasal  fossA  and  extends  across  the  middle 
line ;  the  riglit  (G)  commanicateo  with  the  right  nasal  fossa  and  also  extends  across  the 
middle  line  behind  the  other.  Consequently  the  section  has  pasaed  through  both 
sinuses.  There  is  no  communication  between  the  two  Binusca.  I£  the  orista  galli ;  in 
front  of  it  is  the  sutttre  between  the  ittlimoid  and  the  frontal  The  foramen  coecum  is 
on  the  other  side  of  this  sature.  /  the  suture  between  the  middle  plate  of  the  sthmoid 
and  the  hinder  surface  of  the  nasal  bones.  L  suture  between  palate  and  maxillary 
bones*    M  the  anterior  palatine  foramen. 

Big.  1.  Corresponding  section  at  birth,  showing  the  oontmst  of  relative  firoportions 
between  cranial  and  facial  partq  in  it  aa  compared  with  fi|f.  1.  J,  ^,  €*,  i>  are  sections 
respectively  of  basilar  portion  of  occipital  Wne,  of  tbij  posterior  and  anterior  parts  of 
body  of  sphenoidi  and  of  the  vomer.  The  latter  is  situated  at  tins  time  beneath  the 
anterior  portion  of  the  sphetioid^  whereas  in  the  adult  (fig.  i)  it  is  beneath  the  hinder 
jwrtion  of  that  lr>one^  and  is  directed  more  downward. 

Fig.  3.  Vertical  aection  from  side  to  side  through  fore  part  of  skuD^  just  behind 
margins  of  orbits  and  through  the  first  moLw  tooth  on  either  side.  It  is  seen  from 
'  behind;  shows  the  ihape  of  the  orbits,  the  antra  and  the  nasal  fossie.  The  section  is 
just  in  front  of  the  upper  Hpongy  boneif  ao  that  the  two  lower  ones  only  are  seen; 
above  the  point  from  which  the  inferior  one  (S)  hangs  is  the  opening  of  the  antrum  F^ 
A  is  the  flllt-like  infra-orbital  canal.  B  the  suture  between  the  frontal  and  the 
cribriform  plate  of  the  sthmoid,  C  ditto  between  the  frontal  and  os  planum  of  the 
a'thmoid ;  the  cerebral  and  orbital  latmnsj  of  the  frontal  bone  form  respectively  the 
np[>er  |»art  and  side  of  the  superior  sethmotdal  ceE.  The  edge  of  the  vomer  resti 
upon  the  palatine  process  of  one  maxillai-y  bone  close  by  the  palatine  suture.  JD  the 
cut  surface  of  the  maUr  bone. 

Fig,  4.  Corresponding  section  at  birth,  showing  contrast  in  proportionate  size  of 
cmnial  cavity,  orbits,  sockets  for  molar  teeth  (A)^  and  antra  {B),  The  latter  are 
quite  diminutive  cavities  between  the  large  rooUr  sockets  and  the  inner  aidea  of  the 
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mamtammg  a  "balance  would  have  been  still  greater.  The  various 
pTOceascs  and  ridges  are  not  developed.  The  orbits  are  compara- 
tively large;  their  lower  edges  are  more  prominent,  and  their  upper 
or  superciliary  edges  le^s  so  than  at  a  later  period;  their  roofa  are 
comparatively  flat,  and  their  floors  concave.  The  sinuses  of  the 
frontal  aithmoid,  sphenoid,  and  superior  maxilkr)^  bones  are  not 
yet  developed.  The  facial  angle  is  from  90**  to  100^  The  nasal 
bones  are  proportionately  short.  The  alveolar  processes  constitute 
the  cliief  part  of  both  the  upper  and  the  lower  jaws,  the  antral 
portion  being  imperfectly  formed  in  the  one  and  the  inferior  por- 
tion in  the  other ;  they  appear  as  two  ridges  in  each  jaw,  which 
form  a  groove;  in  this  the  teeth  are  laid,  those  of  the  lower  jaw 
being  placed  almost  directly  beneiith  those  of  the  upper.  In  the 
inferior  maxilla  tlie  angle  is  very  obtuse,  tlie  ramus  and  the  condy- 
loid portions  being  in  nearly  the  same  line ;  and  the  two  halves 
of  the  bone  are  united  by  a  suture  at  the  chin.  The  zygomatic 
fossaB  are  very  shallow,  corresponding  with  the  small  size  of  the 
temporal  muscle  and  the  imperfect  development  of  the  jaws. 

The  skull  of  the  female  is  rather  smaller,  thinner, 
and  lighter  than  that  of  the  male,  though  it  is  said  to 
be  rather  larger  in  proportion  to  the  rest  of  the  skeleton  (page  103); 
and  the  bones  of  the  face  are  small  in  proportion  to  those  of  the 
cranium ;  the  alveolar  processes  of  the  jaws  are  smaller  and  more 
elliptical;  and  the  teeth  are  smaller  and  set  more  vertical:  the  frontal 
Binusea  are  less  developed:  the  superciliary  ridges  are  less  promi- 
nent; and  the  facial  angle  is  rather  wider. 

«!.  IT    r  i  i:  *  The  skulk  of  idiota  cyontained  in  the  various  museums 

SkuUi  of  kliotj 

TenuiTkflbiy        which  I  have  had  an  opportunity  of  seeing,  aa  well  aa  those 

tiuirottix  1    •       1        1  111. 

wtuch  BXB  represented  in  books,  present  a  remarkable  urn- 
formity  in  size  and  characters,  so  aa  to  form  a  distinct  class.     This  may 
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orbits.     ThQ  npper  spongy  bonefl,  wKich  are  of  loxge  proportiooate  sise,  hftve  been 
divided  in  the  section  and  are  Been, 

The  outline  of  the  orbit  diSers  in  the  two  agoa.  In  the  adult  the  tipper  wall  it 
convex  tow»^  the  cnLoial  cavitj,  and  the  lower  wall  next  the  antrum  ia  flat.  At 
birthj  on  the  contrarj,  the  upper  wall  iei  flat,  and  the  lower  wall  k  cod  vex  tow^ards  Uie 
face.  That  m  to  saj,  in  the  former  case  the  orbita  encroach  on  tlie  cranial  cavity,  and 
in  the  latter  on  the  face. 
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l>e  partly  owing  to  the  fiwjt,  tliat  the  more  marked  specimena  onlj  have 
been  preserved  :  and  we  may  aasume  that  a  collection  representing 
the  variouB  grades  of  idiotcy  would  include  Bpecimeiui  approacHtig  in 
diiferent  degrees  to  the  ordinary  human  cranium*  Such  a  collection 
however  I  have  not  seen. 

PecuiLfcriiiea  of  ^^^  skuU  of  the  Idiot  presents  in  many  respects  an 
Miot'i  »kaiL  approximation  to  the  sknll  of  the  lower  animals,  especially 
that  of  the  apOj  in  the  following  particulars.  The  facial  bones  are  pro- 
portionately large.  The  brain-case  is  contracted  in  every  direction,  more 
particularly  in  front  and  above,  causing  lowness  and  narrowness  of  th« 
forehead,  but  also  behind  and  below;  the  space  behind  the  foramen  mag- 
num is  small,  and  the  bone  slopes  obliquely  upwards  from  it  to  the  occi- 
pital crest.  The  foramen  itself  partakes  somewhat  of  this  slant  The 
occipital  condyles  are  small  and  pretematurally  convex;  and  the  basilar 
portion  of  the  occipital  bone  ascends  with  unusual  obliquity  from  thenu 
The  temporal  fossce  are  deep,  and  the  cranial  bones  forming  its  inner  wall 
are  flattened.  The  temporal  ridge  is  well  marked  and  a^scends  to  a 
comparatively  high  level ;  and  this,  together  with  the  flattening  of  the 
parietal  bones  and  the  prominence  of  their  sagittal  portion,  constitutes 
an  approximation  to  a  ** sagittal  crest."  The  line  of  union  of  the  tem- 
poral with  the  parietal  bones  is  straighter  than  usnal,  and  the  post- 
glenoid  process  is  rather  more  marked  The  frontal  bone  projects  far 
backwards  in  the  situation  of  the  anterior  fontanelle  between  the  parie- 
tak  The  posterior  and  middle  cerebral  fosste  are  shallow.  The  orbital 
plates  of  the  frontal  bone  are  prominent  in  the  interior  of  the  skull, 
leaving  a  deep  furrow  between  them  for  the  cribriform  plate  of  the 
Beth  moid,  which  is  an  approximation  to  the  anterior  or  nasal  fossa  erf 
the  lower  animals.  The  foramen  magnum  and  the  other  foramina  for 
nerves  at  the  base  are  comparatively  large;  the  foramina  for  vessels,  as 
well  as  the  grooves  for  the  sinuses,  are,  on  the  other  hand,  comparatively 
small  The  cranial  bones  are  generally  rather  thick  and  the  sutures 
early  obliterated;  the  bones  in  some  instances,  however,  are  tliin- 

The  orbits  are  comparatively  large;  their  anterior  outlets  are  ob- 
lique, and  the  superciliary  ridges  are  prominent,  and  project  beyond  the 
general  width  of  the  cranium.  The  bones  of  the  feoe,  though  small  in 
comparison  with  those  of  the  well-formed  skull,  are  large  in  comparison 
with  those  of  the  cranium,  and  are  slanted  forward,  ao  as  to  reduce  the 
&cial  angle  as  low  as  ^O'*  or  55\  The  nasal  septum  between  the  orbits  is 
narrow,  and  the  nasal  bones  are,  consequently,  much  arched  transversely. 
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Tlie  chin  ia  retiring;  and  the  angle  of  the  lower  jaw  is  rather  wide* 
The  skull  being  small  the  bonea  of  the  neck  are  also  amalL 

Nevertheless,  in  spite  of  these  peculiarities,  no  anatomist,  as  has  been 
remarked  by  Professor  Owen ',  would  hesitate  to  refer  the  cranium  of 
the  idiot  to  the  human  species,  retaining  as  it  does  the  more  important 
characteriBtic  features  of  the  latter  in  the  descent  of  the  cranial  cavity 
below  the  level  of  the  glenoid  articulatory  sur&ces,  in  the  number  of 
the  nasal  bones^  the  construction  of  the  jaws,  the  position  and  direction 
of  the  teeth,  &c. 

It  18  interesting  to  observe  that  the  meaanrements  of  an  idiot*s 
skeleton,  given  in  Tables  I,  and  lY,  pp.  106  and  108,  shew  the  upper 
extremities  to  be  rather  long.  In  other  respects  the  proportions  coin- 
cide nearly  with  those  of  the  average  European  standard 


TBM  OCCIPITAL  BONE 

^  ^ ,  l3ears  the  whole  weicrlit  of  the  skull,  and  transmita  it 
HMflonctylM  ^  ^  ... 

«oiii*roct«dto    through  the  condyles  to  tlie  spine*     Tlie  Hoe  of  gravity 

lH»r  juid  tTiuis-    ,,  ..  'ii  !•  11*1 

mit  wtigiit  of  in  the  erect  position,  with  the  eyea  directed  a  little 
iieid  to  irpme.  ^p^.j^(j3^  f^\\^  tlirougli  tltc  forameii  magnum  between 
the  fore  part  of  the  condyle&;  and  the  skoll,  witli  its  soft  con  tents 
and  coverings,  when  placed  iii  the  position  jui^t  mentioned,  balances 
upon  the  junction  of  the  anterior  with  the  middle  third  of  the 
condyles*. 

This  balancing  point  ia  a  little  the  lowest  part  of  each  condyle, 
80  that  some  advaritiige  is  given  to  the  muscles  that  maintain  the 
head  erect.  The  articular  surfaces  of  the  two  condyles  are  so  shaped 
and  disposed  as  to  form  parts  of  one  globe  or  ball,  whicfi  plays  in 
tlie  articular  concavities  of  the  atlas  as  in  a  socket;  and  the  inner, 
or  opposed,  sides  of  the  condyles  afford  broad  rough  surfaces  for 
the  attachment  of  the  strong  odontoid  ligaments  which  bind  the 
occiput  to  the  axis.     From  either  condyle  pass  three  strong  ridges 


1  ZooLogkixl  Traniaction§,  1,  371. 

*  Bc«  deecnptloD  of  oontiection  of  head  wiili  spme  at  a  futizro  pagQ. 
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or  proccsB^^  in  a  triradiate  manner.  One,  directed  forwards,  in 
united  Willi  that  of  the  opposite  side  to  form  the  anterior  margin 
of  the  foramen  magnum,  and  is  united  also  with  the  Imsilar  pro- 
cess, which  is  continued  forwards  and  upwards  to  the  sphenoid*  A 
secondy  passing  backwards  and  inwards,  meets  the  correi?ponding 
process  of  the  opposite  »ide  in  the  thick  strong  ridge  that  ascends 
from  the  hinder  part  of  the  foramen  magnum.  A  tliird,  ihejuffular 
or  transverse  process^  passes  outwards  to  support  the  temporal  bone. 
Each  condyle  may,  therefore,  be  compared  to  a  tripod  resting  upon 
these  three  processes,  which  converge  to  it  so  as  to  enclose  three 
nearly  equal  angles  where  the  bone  is  thin,  and  which  transmit 
forces  to  and  from  the  condyle  in  three  different  directions  in  a 
nearly  equal  manner ;  thus  ensuring  tlie  combination  of  strength 
with  lightness*  The  slight  fossa  in  front  of  the  condyle,  and  the 
deeper  one  behind,  receive  the  projecting  extremities  of  the  articular 
surfaces  of  the  atlas,  and  each  contains  a  small  cushion  of  fat  to 
prevent  injury  to  the  bones  from  contact  with  one  another^ 

The  jitguhrr  processes  are  prolonged  downwards  in 
tMiUjKrpTD.  many  animals,  especially  in  graminivora  and  pigs,  so  as 
to  form,  on  either  side,  a  strong  8|>ike  which  might  easily 
be  mistaken  for  the  styloid  process.  This  seems  in  them  rather  to 
stand  instead  of  the  mastoid  process,  and  has  been  called  *'  para- 
mastoid."  In  man  it  sometimes  grows  downwards  so  as  to  touch  the 
upper  surface  of  the  transverse  process  of  the  atlas,  and  is  articulated 
"with  it*.  The  Imsilar  jmrtion  is  very  strong  to  carry  the  sphenoid 
and  fore  part  of  the  skull,  and  is  slanted  a  little  upwards  so  as 
to  transmit  the  weight  in  the  most  favourable  manner  towards  the 
condyles.  It  is  composed  of  a  dense  thick  extenial  layer  enclosing 
a  cancellated  interior.     The  cells  of  the  hxtter  are  sometimes  very 


*  In  a  sktiU  preaerved  In  the  Dupuytren  Museum  the  right  occipital  condyle  ii,  in 
OOii0equenc«  of  congenital  malformation,  placed  traaBversely,  ho  as  to  project  half-way 
acFOfUi  the  foramen,  yet  without  iqjuring  the  oord.  It  is  concave  in  its  long  xdm  and 
■Hghily  convex  from  behind  forwards ;  the  articubir  facet  of  the  atUa  waa  doubtleaa 
ada{)(od  to  iti  When  the  posterior  condyloid  foramen  is  abaent,  the  vein  that  ahould 
be  transmitted  by  it  is  said  to  pass  through  the  foramen  magnum. 

*  Trans,  of  Pathological  Sockip,  n.  93.  There  ia  a  specimen  of  the  kind  in  the 
Mueeam  at  Berlin. 
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large,  and  are  occasionally  coiitiniiotia  witli  tind  furrn  an  exten- 
sion of  the  sphenoidal  sinuses,  in  %vhirh  case  thej  are  lined  hy  & 
prolongation  of  the  ficlr  eiderian  membriine^. 

Foiwuf  11  mii«-  ^^^^  foramen   magnum   is    an    irre^rnhir    ovaL     Its 

''"*°*  niai'fpns,  of  great  sti^eiigih^  are  formed  by  tlie  condyles, 

by  the  processes  diverging  forwards  and  backwardi^  from  them, 
and  hy  the  basilar  portion.  Its  anterior  edge  is  bcyelled  and 
smooth  where  the  medulla  oblongata  rests  upon  it.  Its  hinder 
edge  IS  rough  to  give  attachment  to  a  thick  strong  i^rocef^s  or  bund 
of  fibrous  tissue  tliat  descends  as  a  shwith  upon  the  dura  mater  of 
the  cord  and  becomes  blended  >vith  it.  The  fore  part  of  the  foramen 
is  the  narrowest;  the  odontoid  princess  of  the  axis  prnjectsu  up  to- 
wards this  part,  and  being  in  tlie  line  joining  the  balancing  points 
of  the  condyles,  is  situate  in  the  line  of  gravity  of  tlie  nkulL  The 
hinder  part  of  the  foramen  is  wide  for  the  transmission  of  the  cord 
and  iU  membranes,  and  for  the  lodgment  of  the  subarachnnid  fluid 
which  accumulates  in  the  pia  mater  at  this  region  and  protects  the 
cord  from  injury  during  the  muvements  of  the  head.  The  foramen 
also  receives  a  sudden  increase  of  width  about  itB  middle,  between 
the  hinder  parts  of  the  occipital  condyles,  where  the  vertebral  arte- 
ries enter  the  skull.  The  position  of  the  foramen,  so  forward  a.^  to 
be  near  the  middle  of  the  bai^e  of  the  skull,  and  iu  being  placed 
in  a  nearly  horizontal  plane,  are  characteristics  of  the  human 
cranium. 

It  is  occasionally  of  preternatural  size,  being  occupied  by  a  hernial 
protniaion  of  the  brain.  In  a  specijnen  of  tins  kind,  which  I  lately 
examined,  it  measured  four  inches  by  three;  in  another  it  was  nearly 
as  large.  The  importance  of  bearing  in  mind  the  liability  to  the  oocur- 
rence  of  hernia  cerebri  in  this  situation  is  iliustrated  by  a  specimen 
in  the  Musee  Dupuytren,  in  the  account  of  wMch  it  is  sttited  that  an 


1  Meckel,  Archw,  I.,  once  found  a  process  projecting  &om  the  under  part  of  the 
baaikr  portion,  preaenting  Borae  analogy  to  the  engle  articulating  facet  for  the  atlat, 
which  h  situated  her«  in  most  animals  below  mammals.  The  analogy  wa^  still  doier 
in  an  instance  described  by  Hyrtl  (Anatomie  dea  Mm9^ienf  a.  iSo),  in  which  such  a 
process  was  adapted  to  a  concavity  in  the  anterior  ring^  of  the  athut.  Occasionally  an 
exoetosis-like  growth  into  the  skull  takes  plac&  at  the  line  of  union  of  the  occipital 
with  the  body  of  the  sphenoid* 
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opeiution  was  commenced  under  the  suppoaitioii  that  the  tumour  waa  of 
a  different  kind,  and  was  attended  ^4th  fktal  results  ^ 

ExpftodedpoT'  In  tlie  well-formed  European  skull  the  expanded 
""*^  portion  of  the  oceipital  bone  behind  the  foramen,  that 

is  to  say,  the  part  which  supjKirts  the  lobes  of  the  cerebellum^  13 
continued  in  a  nearly  horizontal  plane  as  far  a.s  the  inferior  curved 
line.  In  some  instances  it  bulges  on  either  side  below  tlie  level  of 
the  foramen  magnunu  In  the  inferior  races,  in  the  young  c!iild 
(PL  XV.  fig.  2),  and  in  the  idiot  (page  233),  it  i»  more  oblique, 
slanting  upwards  and  backwards.  In  the  Negro  and  Jlongolian 
the  external  s|>ine3  and  curved  lines  are  more  strongly  marked 
than  in  the  Eui'opean,  in  consequence  of  the  greater  preponderance 
of  the  fecial  part  of  the  skull  requiring  increased  strength  in  the 
muscles  wiiich  are  attaclied  to  these  lines,  and  which  keep  the  head 
in  the  erect  pofttm*e.  Tlie  great  strength  of  the  internal  ridges  and 
tlie  purposes  served  by  them  have  already  been  alluded  to  (page 
202).  These  ridges  of  the  occipital  bone  form  the  thickest  portion 
of  the  w-hole  calvarium,  and  the  parts  intervening  betw^een  them 
are  the  thinnest*. 

At  birth  the  occipital  bone  consists  of  four  distinct 
portions;  the  basilar,  which  lies  in  front  of  the  foramen 
magnum;  the  hvo  amdf/hid  parts,  w^hich  form  the  sides  and  back 
of  the  foramen;  and  tlic  exjjauded  portion  which  lies  behind  the 
foramen.  The  three  former  are  each  developed  from  a  single  nucleus 
formed  in  cartilage;  that  for  the  basilar  portion  appears  a  little 
before  those  for  the  condyloid  parts,  soon  after  the  third  month. 
The   expanded   portion   is   formed   from   membrane;    ossification 


Derelopmeiat 


^  A  renurkablj  tmall  forameii  mftgnum,  with  small  flattened  condyles,  and  one  of 
luge  ftize,  with  large  prominent  coBdjles,  are  reprenanted  tn  LobBtein'a  A  ncU^  Path. 
«te  Seriea,  PL  n.  fig§.  i,  ^. 

*  In  other  mamiiialB  tbia  pcniion  of  the  bone  lb  more  flKtbeoedj  and  u  directed  more 
or  less  Terticallj  upwards  ^m  the  forameii  magnum.  In  many  it  u  quite  flat,  up- 
right, and  expanded  at  the  upper  part  into  a  broad  strong  creat,  which  affords  attach* 
ment  to  the  musclea  that  raise  the  head.  In  the  hog  tribe  this  crest  is  of  great  size.  In 
the  eiepbant  it  tA  of  vast  thicknefl^,  and,  like  the  other  cranial  bones^  is  hollowed  out 
into  cells  which  are  fllkd  with  air  and  communicate  «ntb  the  frontal  Binimea  and  the 
inaatoid  eelbi. 
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coramencing  about  the  eighth  week.  The  number  of  nuclei  in  it 
vary.  There  may  be  only  one  near  the  middle^;  or  there  may  be 
foiir,  two  above  and  two  below  the  curv^ed  h'ne.  When  there  are 
four  they  coninience  where  the  respective  portions  of  tlie  bone  are 
thinnest,  and  become  united  at  or  before  the  fourth  month;  the 
upper  two  commonly  coalesce  first,  and  the  spines  and  ridges  aie  \ 
formed  along  the  lines  of  union.  ^H 

They  do  not,  however,  always  unite.  Sometimes  the  upper,  or 
cerebi-al  aegmenta,  remain  separate  from  one  another  and  from  the 
cerebellar  portions ;  or  they  may  be  united  to  one  another  and  separated 
from  the  lower  segment  by  a  transverse  suture*;  and  in  a  few  instances 
tlic  occipital  bone  has  been  found  to  temiinatet  not  in  a  point  but  in  a 
broad  end»  the  lambdoidid  suture  being  replaced  by  a  wide  transverse 
suture.  In  one  skull  I  found  the  cerebral  s^ments  separated  by  a 
median  plate  nmning  upwards  to  the  jmiietals  from  the  cerebellar  por- 
tion. Some  of  these  anomalies  remind  ub  of  the  "interparietal  bone," 
which,  in  camivoroue  and  some  other  animals,  occupies  the  angular 
interval  between  the  occipital  and  tbe  parietak  In  them,  however,  the 
interparietal  bone  becomes  united  with  the  parietaLs  sooner  than  with 
the  occipital,  and  seenLs^  therefoi'e,  rather  to  belong  to  the  former^  It  is 
evident  from  these  anomalies  and  from  the  conflicting  observations  of 


^  BlandiBi  j^notomfV,  L}  in  nil  tbe  instanoee  th&t  lie  BxaLtmned,  wliatever  the  age 
of  the  fcptus,  found  tbe  fiat  portion  to  conelat  of  one  piece^  the  ossification  of  whicb 
emanates,  lie  belieyei),  from  a  centnil  nudcUB  in  the  aituation  of  the  occipital  protu- 
berance.  Meckel,  Arckiv,  i,  6i6,  and  Han db itch  tier  Anat^micj  n,  loo,  fitatea  that 
the  boae  is  devebped  from  eleven  centreSj  of  wbieli  four  |>air8  form  the  expanded  part, 
Tbe  first  of  these  appears  imme<lUtely  behind  tbe  fonanen  magnum,  on  either  aide  of 
the  middle  line;,  at  about  the  loth  week.  They  soon  niute  together  and  are  followed, 
after  the  middle  of  the  third  month,  by  a  second  pair  situated  further  backwardj  and 
more  laterally,  which  are  joined  to  one  another  and  to  the  first  pair  in  the  fourth 
month.  A  tbird  and  fotirth  i>air  appoar  im  sucoesaion,  after  abort  intervals,  one  above 
KDother,  In  one  fo^tna  I  found  a  separate  ottific  centre  for  the  thick  triangular  piece 
of  bona  Uuit  bounds  the  hinder  part  of  the  foramen  magnum,  and  have  noticed  traces  of 
the  independent  formation  of  the  aarae  in  other  instances.  In  some  it  is  formed  by 
m  prooesfl  from  the  expanded  ]>ortion  of  the  bone  growing  downwards  between  the 
extremities  of  tbe  condyloid  portion  a. 

*  Dr  de  Tftcbudi,  £dmbtirfjh  PhUoiophical  Jaumctif  xxxvu.  151,  found  this  eoH' 
formation  common  in  the  skull  of  the  ancient  Peruvians,  who  were  distiBgukbed  by  a 
flattened  occiput.  It  exists  In  a  skuU  taken  from  a  Bomaoo-Britisb  burial-ground, 
which  la  preserved  in  the  Cambridge  Museum,  Tiedemann,  Zeittchrlfl  fur  Phfftith 
loffkf  TSi.  gives  representations  of  tbeae  and  other  Tarietiei  in  the  occipital  bone. 
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Varions  anatomists,  that  the  ossification  of  this  part  of  tbe  human  skull 
is  not  conducted  in  a  very  uniform  miLnner.  Moreover,  independent 
nuclei  of  "wormian  bones'*  are  often  found  in  the  lambdoidal  suture 
after  birth. 

The  condyloid  and  expaDded  portions  unite  together  about  the 
fourth  year;  and  the  fonner  are  joined  to  the  basilar  about  the  fifth 
year.     The  four  pieces  remain  separate  in  reptiles. 

This  bone,  so  important  from  its  connection  with  the 
parts  of  the  nervous  cental  most  essential  to  life,  and  from 
its  bearing  the  whole  weight  of  the  head,  is  very  rarely  the  seat  of 
disease.  There  is  an  example  of  caries  of  the  basilar  portion  in  the 
College  of  Surgeons;  with  the  exception  of  which,  of  an  occasional  exc^ 
toaifl  on  the  b&ailAr  and  expandet]  portions  \  and  the  changes  in  the  con- 
dyles which  are  associated  i^ith  ankylosis  of  the  occipito-atlantal  joint,  I 
have  not  met  with  any  iniitances  of  disease  in  the  occipital  bone.  Dr 
Skaeeser,  who  has  written  a  treatise  on  the  "soft  occiput,'*  regards  this 
bone  as  peculiarly  liable  to  softening  and  other  alterations  in  rickety 
children^  in  consequence  of  the  head  resting  so  much  upon  it  in  infancy'. 


N 


THE  PABIETAL  BONE 

18  one  of  the  simplest  in  the  body.  Developed  from  one  centre 
which  foi-ms  at  the  middle  most  convex  part  or  a  little  below 
it,  it  spreads  out  to  great  size,  contributing  a  larger  share  to 
the  covering  of  the  brain  than  any  other  bone:  in  some  cases  of 
hydrocephalus  it  attains  to  enormous  dimensions.  In  the  early 
periods  of  life  it  is  sharply  curved,  and  its  protuberance  stands  out 
very  boldly,  giving  a  square  shape  to  the  head,  which  is  retained 
through  life  in  some  of  the  inferior  races  of  mankind,  and  in  some 
Europeans,  more  particularly  where  there  is  a  tendency  to  rickets. 
It  is  interlocked  bet^^een  the  other  bones  in  a  remark- 

Albemate 

kTeuingofits    able  manner:  thus,  it  is  overshot  by  the  frontal  above, 
margin.  ^^^  ovcrlaps  it  tclow;  it  is  covered  by  the  squamous 


'  Them  IB  a  smooth  ovbJ  «icoBtoaia  on  tho  external  **Bpine,"  anil  another  more 
nodakted  on  the  "tubor"  in  Guy'a  Museiim. 
*  BrUi*k  and  Foftign  Medical  Review,  xvn. 
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edge  of  the  temporal,  but  overlaps  its  mastoid  edge;  it  is  overlapped 
by  the  accipita!  a  little  at  the  lower,  and  overlaps  it  a  little  at  the 
upper,  part  of  the  lambdoidal  **uture;  and  a  similar  alteniation  ia 
continued,  in  a  slight  dcp-ee,  with  the  oiiposite  bone  in  tlie  sagittal 
euturc.  In  this  way  it  alternately  overlaps  and  u  overlapped  by 
each  of  the  four  large  bones  with  which  it  is  connected;  and  a 
corresponding  alternate  bevelling  of  its  edges  at  the  expense  of  the 
outer  and  the  inner  tables  may  be  traced  all  round.  It  is  very  thin 
where  it  forma  part  of  the  temporal  fossa  and  lies  under  the  shelter! 
of  the  temporal  muscle  and  fascia.  The  extent  to  which  the  muscle 
and  fascia  cover  it  varies  in  different  race.«,  lieing  less  in  the 
European  than  in  others.  The  bone  ia  also  less  flattened  in  the 
European  at  this  part,  presenting  a  more  generally  full  rounded 
contour,  which  has  the  effect  of  rendering  the  protuberance  lesa 
prominent. 

ocmnecUoD  with  "^'^^  parietal  bone  is  regarded  as  the  spine  of  the 
tbesi»h«ii<M  posterior  sphenoidal  vertebra  whicli,  in  consequence,  haa 
received  the  name  of  "  Parietal  vertebra.''  Yet  its  connection  wdth 
the  great  ala  of  the  sphenoid  is  by  no  means  constant.  In  the 
skull  of  a  negro  l>efore  me  they  are  separated  by  the  coalescence 
of  the  frontal  with  the  temporal.  They  are  separated  in  the  same 
way  in  the  chimpanzee,  but  are  united  in  the  orang-utan,  the  cat, 
and  some  other  camivora.  The  ftict  of  its  being  supplied  by  the 
The nwaingc*!  ^^^^^^tious  artery — the  middle  meningeal^ — which  passes 
■*'****^  through  the  spine  of  the  sphenoid,  is  a  coufinnation  of 

the  opinion  that  it  is  an  appurtenance  of  that  vertebra.  The  deep 
position  of  the  artery  iu  a  groove  or  channel  at  the  anterior  inferior 
angle  is  a  point  of  some  practical  importance,  because  it  is  liable 
to  be  wounded  in  fi*actur€s  of  this  part  of  the  bone;  and  the  blood 
flowing  from  it  may  separate  the  dura  mater  from  the  skull  and 
cause  fatal  compression.  Hence,  in  cases  where  blows  have  been 
received  on  the  side  of  the  head,  and  symptoms  of  gradually  in- 
creasing compression  of  the  brain  have  supervened,  the  trephine 
has  occasionally  been  applied  and  the  blnod  removed;  and  in  a  few 
instances^  the  result  has  been  goocL     In  more  the  operation  has 


^  Heunen'i  Military  Surgcrjj  3rd  edit.  p.  317, 
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Iwen  unaucccssfnl ;  either  the  blood  could  not  be  removed,  or  the 
brahi  has  not  recovered  itsell*,  or  liernia  cerebri  Las  ensued  ^  In 
some  no  bh)od  was  found;  and  in  others,  I  believe,  the  wrong  side 
has  been  oi>eiied.  That  the  results  of  experience  are  not  very 
encouraging  to  the  performance  of  this  operation  need  scarcely  sur- 
prise us,  when  we  remember  that  a  fracture  traversing  this  piirt  of 
the  skull  will  most  likely  be  continued  into  the  base  and  across  the 
selk  turcica  (see  page  204) »  I  have  already  remarked  {page  196) 
that  this  is  the  only  part  of  the  skull  at  which  blood  is  thrown  out 
between  the  dura  mater  and  tlie  bone  in  sufficient  quantity  to  cause 
serious  compression  of  the  brain.  The  anterior  inferior  angle  of 
the  parietal  bone  is  occasionally  replaced  by  a  wormian  bone, 
sue ftad  forward  ^^^  ^^^^  "^  ^'^^  parietal  bones,  their  elevation  and 
lafpvie-  comparatively  vertical  direction  and  the  consequent  fur- 
ward  position  of  their  antero-superior  angles,  distinguish 
the  human  cranium  from  that  of  monkeys  and  other  animals;  and 
these  characters  are  most  marked  iji  the  higher  races  of  mankind. 
Associated  with  these  i>eculiarities  is  the  conciive  outline  of  the 
lower  edge  of  each  bone,  adapted  to  the  convex  rising  margin  of 
tlie  squamous  bone.  The  suture  connecting  the  two  is  rather  less 
curved  in  the  Negro  than  in  the  European,  and  is  nearly  straight 
in  the  chimpanzee  and  inferior  animals.  Tlie  very  obtuse  retiring 
angle  formed  by  the  union  of  the  two  parietals  in  front  la  also  a 
result  of  the  forward  position  of  their  antero-sujierior  parts.  In 
monkeys  the  angle  is  much  deeper  and  more  acute  to  receive  the 
frontal  Vxme,  which  is  prolonged  backwards  into  a  point  in  the 
middle  line. 

The  sagittal  margins  are  often  thick,  and  form  by 
their  union  a  strong  broad  ridge,  which  connects  the 
projecting  angles  of  the  frontal  and  occipital  V>ones  and  constitutes 
a  strong  arch  at  the  upper  part  of  the  cranium.  In  the  orang,  the 
badger,  and  the  dog  more  particularly,  they  are  elevated  into  a  lofty 
crest,  which,  at  its  back  part,  is  overlaid  by  a  separate  osseous 


SsBittal  cr«sU 


*  Abernethy's  Surj^Z  FTorfci,  n.  38;  Brigbt's  Medical  Report*,  11.  403;  CJutlirie,  On 
Injitriea  ef  the  Heaii,  p.  60. 
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nucleus  ruuniog  forwards  from  the  occipital  bone.  When  th^ 
animals  are  young  thia  nucleus  may  be  seen  extending  througli 
the  whole  thickness  of  the  akuU  and  forming  a  distinct  triangulaic 
**  interparietal  bone"  or  **09  triquetmm/'  occupying  the  i>osterio« 
fontanelle  and  adapted  to  it.  Its  inner  surface  is  connected  witli 
the  tentorium,  which  is  osseous  in  the  cat  (for  the  purpose  of  more 
effectually  supporting  the  brain  during  the  springs  and  powerful 
movements  of  the  animal)  and  proceeds  from  tlie  parietal  rathen 
than  from  the  occipital  bone.  In  rodents  it  is  said  to  be  deve-" 
loped  from  two  osseous  centres.  The  object  of  tiie  elevated  crest 
is  to  funiit^h  an  increased  surface  of  attachment  to  the  temporal 
muscles.  In  the  young  of  some  camivora  two  inter-parietal  bonefl 
are  found  in  the  fire  part  of  the  sagittal  suture  as  well  as  two  iii 
the  hinder  part;  all  become  united  together  with  the  two  parietal^ 
into  one  bnne  during  the  growth  of  the  animal.  In  the  crocodile 
tlie  two  parietals  are  formed  from  one  centre,  and  constitute  a  amal] 
irregularly  shaped  median  bone. 


\ 


In    many    animals   where    the    sagittal   ritlge  is  ntron|j 
imMrttdgc  the  bone  ou  either  Bide  U  rather  thin;  and  in  the  humazi 

*"*       ^'  skull  we  often  find  marked  depressionjs  of  the  inner  tabley 

at  this  part^  a*lttpte(l  to  the  [irominenceu  of  the  upper  margiiL8  of  ihi 
cerebraJ  honiispheres  and  to  the  "paccMonian  glonda"  When  these  de^ 
preB;E^ion»  are  deep  and  shar^^ly  defined  each  one  is  usually  connected  witli 
one  of  the  large  hnmehes  of  the  meningeal  groc*ve.  I  have  seen  also  six 
instance>t  {one  in  the  Canibritlge,  four  in  the  Dupiiytren,  and  one  in  the 
and  on  Berlin  Musemn)  of  remarkable  depressions  on  the  exUrior 

"**^*"-*  of  the  hone  in  this  situation*     The  parietal  bones,  on  the 

sides  of  the  sagittal  suture^  between  it  and  the  pjirietaJ  j>rotuberance% 
were,  in  each,  reduced  to  the  thinness  of  paj>er,  looking  sj^  if  a  portion 
of  the  owter  table  and  diplck*  liad  been  sliced  off  fw>  as  to  leave  only 
the  inner  table,  which  preserved  its  proper  line.  The  surface  wajl 
smooth,  and  the  edges  sloped.  The  depression  caused  by  tins  deficiencj 
of  part  of  the  thickness  of  the  skull  was,  in  each  instance,  elliptical  (aboul 
2|  inches  by  1^).  The  exact  ayrnmetry,  the  similarity  of  the  deficiency 
in  the  several  cases,  and  the  absence  of  any  trace  of  diaeaaej  rendef 
it  most  pixjbable  that  the  conformation  waa  congenital ;  at  any  rate,  they 
[►rove  jjretty  clearly  that  it  was  not  the  re*?nlt  of  aceident.     1  have  not 
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seen  a  corresi>ontling  con<lition  in  any  other  part  of  tlie  «kul],  and  do  nf»t 
know  how  to  iwxxDunt  for  it*j  occurrence  at  thJB  spot  in  prefertnice  to 
others.  In  all  these  inatancea  the  portions  of  the  parietaLi  intervening 
between  tlie  deticiencieH  were  rather  tiucker  than  usual  \ 

The  aperture  for  the  vein  tliat  runs  through  the  upper  and  hinder 
part  of  the  parietal  bone  into  the  longitudinal  sinus  is,  in  »ome  skulls,  of 
considerable  size.  In  a  Bpecimen  in  the  Cambridg©  Museum  it  is  large 
enough  to  admit  the  end  of  the  finger ;  it  is  situated  fiirther  hack  and 
nearer  t<:»  the  Ktigittal  suture  than  the  thinning  of  the  bone  aWve  men- 
tioned, and  lias  no  relation  to  it. 

Bcvdiypmeat  ^  Single  ossifymg  nucleiis  appears  near  the  pi-otuber^ 
and  varieties.  ^^^^,^  ^^  about  the  thu*d  oionth.  Ossification,  radiating 
tlience,  reaches  the  angles  last;  and  the  distance  of  the  two  superior 
angles  from  the  centre  is  one  eause  of  the  existence  of  the  fonta- 
nellefl  at  birth.  It  not  uncommonly  happens  that  an  interspace  or 
third  ftmtattene  remains  between  the  tw'o  bones,  near  the  posterior 
angles,  after  tliey  have  coalesced  in  front  and  behind.     It  is  usually 


^  Tliere  ib  a  deecription  of  two  similar  apecameiifl  by  Eh-  Maier  (m  Virchow*8  Arckiv, 
vn.  3361,  He  ia  liiapo&ed  to  attribnt^  the  tliinning  of  the  skidl  at  tlie  piirt  to  senile 
atrophy.  But  in  the  itistanoes  I  h&vc  eceti,  and  in  one  represented  bj  SandUort^ 
£xfrcitatione4  Anat&mi(Ej  T753,  p.  76,  Tab.  vij.  tbe  skulls  did  not  appear  to  be  those  of 
old  penaonfl.  I  am  the  more  disposed  to  regard  ii  as  a  congenital  oooformatioD  from 
the  fact  that  I  have,  id  Keveral  instances  of  bydrocq>haliiB,  ohoenred  a  vacancy  in  the 
parietal  bones  at  this  part.  It  would  seem,  from  a  quotation  made  by  Sandifort  from 
Platuenii,  that  a  patient  narrowly  eBcajjed  trephining  after  an  accident  by  coming  to 
himself  and  declaring  that  a  depression  in  bis  head,  which  wu  exciting  the  apprehen- 
sion of  the  BurgeonSj  had  existed  from  childhood. 

There  is  a  calvanum  showing  thinness  of  the  nght  paxietal  bone  in  St  Thonuu*! 
Museum.  It  is  thus  described  in  the  catalogue:  "The  moat  prominent  part  of  the 
tight  parietal  hone  pliced  off  by  a  sharp  iuBtrument,  probably  a  sabre.  The  force  was 
applied  horizontally,  so  that,  although  a  large  portion  of  bone  has  been  removed,  the 
internal  table  has  not  been  penetrated.  The  wound!  measures  2^  inches  in  diameter." 
It  resembles  the  other  specimens  mentioned  above,  except  that  the  deficiency  ii 
iif  more  mrcular  shape.  Singularly  enough  the  txadlif  corrcsptrnding  portion  of  the 
ifppotite  tide  of  ike  calvarium  has  been  tawn  out;  for  what  purpose  it  is  impossible  to 
say*  The  mutilation  throws  great  doubt  upon  the  correctness  of  the  view  taken  in  the 
catalogue ;  for,  possiblvr  the  presence  of  the  part  that  has  been  cut  out  would  show  a 
similar  deficiency  on  the  otbi*r  side,  proving  that  neither  was  the  result  of  injury. 

Since  writing  the  above  I  have  seen  an  infant  bom  with  a  depression  in  the  right 
parietal  bone,  nearly  as  large  as  a  half-crown  piece.  It  is  rather  nearer  to  the  tem- 
poral boDG  than  in  the  instances  mentioned  in  the  text;  but  I  believe  it  to  be  of  the 
same  nature  with  them. 
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of  small  si/.e  ajiJ  oblong  shape;  but  in  an  infant  liorn  with  a  promi- 
nent forehead  and  Ijigh  vertex,  in  whom  the  fingers  and  also  the 
tocB  were  united  together,  1  found  this  aperture,  or  fontanelle,  of 
large  size  and  square  shape,  so  that  it  could  not  have  been  dis- 
tinguished, by  the  touch,  from  the  anterior  fontanelle. 

Tlie  uro  boiiM  In  some  few  instances  the  two  parietal  bones  appe-ar  to  be 

SefSmwdfrom  developed,  as  they  are  in  the  crocodile,  from  a  single  ossifying 
one  centre.  centre  in  the  median  line.  At  any  rate,  they  sometimes  are 
found  tmited  at  a  very  early  period,  as  early  aa  the  third  year.  When 
they  are  so  the  lateral  exi>anaion  of  the  head  is  prevented,  and  there  is, 
consequently,  a  pret^matural  increase  in  the  height  and  in  the  antero- 
posterior diameter  of  the  cranium '.  Indeed,  w^herever  the  head  is  un- 
usually long  or  deep  we  may  be  pretty  sure  that  the  aagittal  suture  was 
obliteiated  eai-ly,  or  did  not  exist.  In  some  examples  of  remarkable 
elevation  of  the  upper  part  of  the  cranium,  I  have  found  the  frontal 
as  well  as  the  sagittal  suture  early  obliterated. 

Occasionally  one  or  hoih,  parietal  btmes  are  divided,  more  or  less 
oompletely,  into  an  upper  and  hiwer  haJf  by  a  suture  running  from 
before  backwards*.  In  one  instance  the  dividing  "suture  ran  partially 
vertical  and  diagonal***'  The  parietal  bones  are  frequently  deficient, 
wholly  or  partially,  in  anencephalous  monsters.  "Occasionally  they  are 
mi&sed  in  natund  foetuses*," 


THE  FRONTAL  BONE 

not  only  covers  the  fore  part  of  the  cranial  cavity  and  forms  the 
upper  walls  of  the  orbits  and  the  roof  of  tlie  nasal  foss«j  it,  in 
addition,  sends^  do^vn  three  prooeaeea — the  '^nagaF'  in  the  middle. 


350. 


^  See  OoiUr^twns  to  Craniole^,  by  Dr  Minchin,  Dublin  Quarferltf  /mintoZ,  xxn. 
An  example  ia  given  by  Sandifort,  Mat.  Anat,  n.  Tab,  vijl  and  IX,  and 
Fxercitatian^  JmUomitT,  1785,  Tab.  I.  of  union  of  tLe  parietals,  the  sagittal  BUture 
being  undifttinguiahable^  except  a  sligbt  tract?  of  it  near  the  coronal.  The  cranium  wa* 
in  other  respectfl  remaj-kable  chiefly  for  itii  length  and  for  the  thinners  of  itfl  bonep. 
The  aubject,  a  woman ^  is  said  to  have  had  faydrocepbaliis^  though  the  dimenfiionB  of 
the  ekull  were  not  very  great. 

^  Tiedemann,  Zdt$chrift  fUr  Phytityfoffif^  n.  s.  1.  There  are  two  examples  in  the 
Museum  at  Berlin, 

»  OLto*8  P<*/A.  A  nat.  by  South,  p.  T69, 

'»  Otto,  p.  ifn). 
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and  the  "extcmal  an^iW  on  either  side' — ^r^'liich  ai'e  the  main 
stay  of  the  face.  Henee  it  is  a  bone  of  coBsidemble  strength,  and 
it  varie^H  in  its  figure  and  groAvth  according  to  the  devehipment  both 
of  the  brain  and  the  face.  Tn  proportion  as  that  of  the  fiinner  takes 
place  in  the  most  perfect  manner,  that  is,  the  manner  which  we  find 
associated  with  the  highei^t  intellectj  so  does  the  cranial  jjortion  of 
luu  Ti  ht  ^^^^  frontal  bone  become  more  upright  and  les8  encroach- 
«tinn  Tirop.>r-  ing  upon  the  territory  of  the  parietals,  giving  rise  to  that 
T«k>poicjjt  of  well-knoum  indication  of  mental  power,  a  high  forehciid. 
*^  ^  Accordingly  an  examination  of  tlie  crania  of  the  various 
races  of  mankind  sliows  that  the  nmrc  dcl>a.sed  is  the  mental  con- 
dition so,  on  the  ivhole,  is  the  frnntiil  bone  more  inclined  I>ackward6 
and  more  prolonged  in  the  direction  of  the  sagittal  suture*.  In  the 
monkey  these  features  are  still  more  strongly  nuirked  ;  and  in  the 
lower  races  of  animak  the  bone  l>ecomes  quite  horizontal,  and  is 
placed  behind,  instead  of  above,  the  eyes*.  Similar  remarks  may  be 
made  with  regard  to  the  facial  part  of  the  bone;  for,  in  propnrtiou 
as  the  cranial  portion  slopes  backwards,  so  do  its  facial  buttresses — 
the  uasal  and  angular  processes — slant  forwards;  and  in  propc»rtiou 
as  the  brain  is  well  developed  and  the  cranial  part  of  the  bone  is 
upright,  so  are  the  focial  processes  directed  perpendicularly  down- 
wards. In  the  lower  animals,  for  instance,  they  grow  directly  for- 
wards; in  the  lower  races  of  mankind  they  grow  doi^^Tiwards  and 
forwards;  and  in  the  Ijest  formed  Iniman  skulls  they  grow  almost 
vertically  downwards.  Hence,  when  the  skull  rests  upon  a  hori- 
zontal plane,  tlie  angle  formed  hy  tlie  anterior  surface  of  the  frontal 
hone  w^itli  that  plane,  which  may  be  called  the  ''frontal  angle,"  will 
afford  at  least  as  correct  a  means  of  estimating  the  degree  of  per- 
fection of  cranial  development  as  what  is  commonly  called  the 
**  facia]  angle/*  It  will  he  found,  as  a  general  rule,  that  the  promi- 
nence of  the  forehead  is  proportionate  to  that  of  the  chin  (see  page 


'  In  camiTorm  the  extern  at  an^lar  prooeaa  do«fl  not  rejvch  the  maUr  bone,  so  that 
the  orhit  and  temporal  foanti  form  on©  large  csavjty.  The  middle  proceaa  of  the  frontal, 
which  la  the  only  irapport  afforrfed  by  the  bone  to  tbo  face,  ii  ccnsequently  very  thick 
and  stroDg  in  these  animals. 

•  Thk  conformation  is  welt  »een  in  the  representation  of  a  Peruvian  skull  given 
by  Tiedemann  in  the  Zeitschrift  fiir  Phiffiotogi€j  v. 

^  In  UsheiB  it  extends  between  the  pariotals  as  fiu"  as  Ibe  occipital. 
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287),  and  to  tlie  bulging  of  the  occipital  bone  below  the  level  of 
the  foramen  nia^^nmn  (p»  237). 

The  downward  growth  of  the  middle  or  frontal  pro- 
cess of  the  cranium  (page  177),  and  its  size,  which  is 
designed  to  give    it    strength    as    a  main    support    of  the    fac^, 
would   add  considerably    to  the  weight   of  the  fore  part   of  the 
skull,  were  it  not  hollowed  out  into  cavities  or  cells.     Of  these, 
some  formed  in  the  ajthmoid,  or  comjdeted  by  it,  are  called  *^a?th- 
moidal  cells,"  others,  iiicludc^l  in  the  substance  of  the  frontal  bone 
itself  and  formed  between  \ts  tables,  are  called  *Mrontal  sinuses*" 
The  latter  are  situated  chiefly  between  the  orbital  and  the  super- 
ciliary plates  of  the  bone.     They   are   not    developed   till    after 
variations  In      puberty,  and  vary  a  good  deal  in  size;  not  unfrerjuently 
iheiijikej         they  are  of  unequal  size  on  the  two  sides.    They  are 
larger  in  men  than  in  women  and  young  persons,  owing  to  the 
greater  prominence  of  the  superciliary  ridges  in  the  fonner.    Where 
they  are  most  developed  they  make  the  forehead  seem  to  recede, 
which  must  be  borne  in  mind  in  estimating  the  capacity  of  the  cra- 
nium by  either  the  frontal  or  the  facial  angle.    The  sinuses  are  on 
the  whole  larger  in  Europeans  than  in  negroes.    In  some  tribes — 
Australians  for  instance— it  is  said  by  Prof.  Owen  that  they  are 
very  imperfectly  developed,  and  that  a  peculiar  want  of  resonance  of 
the  voice  is  a  consequence  of  the  deficiency,     I  have  seen  tliem 
extend  over  the  whole  surface  of  the  orbit,  reaching  as  far  back  as 
the  junction  of  the  frontal  with  the  lesser  ala  of  the  sphenoid;  the 
supra-orbital  portions  were  partly  shut  off  from  the  nasal  portions, 
and  the  cavities  ftirtlier  subdivided  by  incomplete  partitions.   Above 
they  have  been  known  to  extend  as  tar  back  as  the  parietal  bones, 
and  on  either  side  as  far  as  the  external  angular  processes;  io  other 
cases  they  are  almost  absent'. 


'  "  They  exteniJE  backwards  orer  the  top  of  tlie  akuU  in  the  mminaiit  and  iomo  other 
quadfiipeda,  and  penetrate  the  core«  of  the  horna  in  oxen,  sheep,  and  a  few  antelopes. 
The  mo«t  remarkable  derelopment  of  air^csella  in  the  Diammalian  clasa  m  pTeaented  by 
the  elepbant;  tho  intellectual  physiogDOtny  of  this  buge  quwlruped  being  cau§ed,  &h  in 
the  owlj  not  by  the  actual  capacity  of  the  brain-caaCi  hut  by  the  enormoufl  ejttent  of 
the  pneumatic  cellular  atriicture  between  the  outer  and  inner  plutea  of  the  ekul!*waUB." 
Owen,  Id  Orr'a  Circle  nftht  Sciencei,  p.  167* 
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It  IB  necessaiy  to  be  aware  of  these  varieties  in  applying  tlie 
trephine*.  There  is  usually  one  on  either  side  of  tlie  middle  line: 
the  left  is  said  to  be  commonly  rather  the  larger.  Thev  are  eepa- 
nited  by  a  thin  septum,  to  the  formation  of  which  each  half  of  the 
frriTital  bone  contributes  its  share.  Nevertheless,  they  eommuTiicatc 
with  one  another  by  apertiirea  in  the  septum ;  and  each  coniinu- 
tiicates  with  the  superior  meatus  narium  of  it.'?  own  side  by  a  funnel- 
shaped  opening,  which  transmits  a  prolongation  of  the  schneiderian 
membrane  to  line  the  interior  of  the  sinus,  and  which  permits  air  to 
pass  to  and  from  the  nasal  fosssB. 


wenotolUb 
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Ther)r  are  sometimes  the  seat  of  veiy  acute  pain  in  com- 
mon catarrh,  in  oonsequence  of  the  inflammation  extending 
along  the  lining  membrane  from  the  nose ;  but  tlie  inflamma- 
tion commonly  subsides  without  much  trouble,  and  it  is  remarkahle  how 
seldom  they  are  the  seat  of  chronic  disease.  It  is  related  that  insects 
have  found  their  way  into  them ;  that  fragments  of  brain  have  es<^iped 
from  the  nose  in  cases  of  fracture  at  tlie  base  of  the  Hkull  involving  the 
TMilJa  of  these  cells ;  and,  that  when  an  aperture  has  been  formed  in  their 
outei-  wall,  jttttieiit^  have  been  able  to  blow  air  through  them*  TTie 
whole  anterior  wall  has  been  carried  away  by  fracture,  leaving  the  hindcj* 
wall  exposed,  and  the  patient  has  done  well. 


1  A  geoileman  who  measured  sevenJ  speclmciiB  found  llicm  ranging  from  two  to 
four  mohcs  tiraonverfielyj  from  oue  to  two  in  beigbt,  and  from  half  an  inch  to  aeaxly 
two  in  depth.  Mr  Hilton,  On  th€  CVantitm,  p.  13,  found  them  mora  extensively  deve- 
loped in  the  skull  of  a  man  helongiiig  to  one  of  tbe  African  tribe«  than  in  any  other 
thai  he  had  eeen. 

'  It  is  related  by  Dr  Abercrombie  {Diteattt  of  the  Brain,  ^rd  edit.  p.  40)  that 
an  opening  has  been  formed  into  the  cranial  cavity  by  ulceration  consequent  on  dis- 
ease of  the  tilling  membrane^  and  has  be«Q  assodated  with  abeoeaa  in  the  adjacent  pMt 
of  the  brain.  In  the  Mus^e  Dupiiytren  is  an  enonnous  cavern,  birgcr  tlian  the 
head,  with  bony  walla  occupying  one  fide  of  the  face.  The  case  was  pubUshtid  by 
M,  Viallet  in  BulL  de  la  Sociiti  de  lafac.  de  Mid.  1805,  p.  7a,  and  tbe  commence- 
ment  of  the  disease  waa  ascribed  by  bim  to  polypus  of  the  frontal  sinus,  A  carefiil 
exiuniBation  of  tbe  specimen,  and  comparison  of  it  with  otherSf  convinced  me  that 
it  was  mor«  probable  the  disease  began  in  the  maxillary  than  in  the  frontal  linus. 
An  account  of  this  specimen  is  given  in  the  Mu9ium  d*anatmniB  patJt.  de  la  factdii 
de  Midline  de  Paru,  p.  437,  »nd  is  repreteoted  in  PI,  10  of  the  Atlas  sccompanying 
ibftt  work. 
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The  froDtal  sinuses  senT  to  lighten  the  fore  part  of 
the  skull,  to  add  to  the  resonance  of  the  voice,  and,  by 
throwing  forward  the  superciliary  ridges,  to  protect  the  eyes.  As 
before  stated,  p.  220,  it  is  not  probable  that  they  have  much,  if  any, 
connection  with  the  sense  of  smell. 

The  orhital  j^hies  are  arched  transversely,  as  well  as 
from  before  backwards  (see  PI.  XV,  at  page  231);  they 
are  deeply  marked  by  the  cerebral  convolutions  above,  but  present  an 
even  surface  beneath  so  as  not  to  interfere  with  the  movements 
of  the  eyes,  which  lie  close  under  them  nearer  to  the  rcjofs  than  to 
the  floors  of  the  orbits.  Not  being  much  exposed  to  injury  this  part 
of  the  bone  is  thin  and  easily  perfoi-atcd  by  any  sharp  instnmient'; 
occasionally  it  is  fractured  by  a  blow  upon  the  forehead,  or  more 
distant  part  of  the  head,  the  other  regions  of  the  skull  remaining 
intact'*  In  the  well-made  European  skull  tlie  orbital  plates  are 
nearly  horizontah  In  the  Negro  they  are  more  oblique,  slanting 
downwards  and  backwards.  In  hydrocephalies  they  are  much  flat- 
tened and  depressed  from  their  proper  horizontal  to  a  nearly  vertical 
line,  rendering  the  eyes  prominent  and  giving  a  peculiar  stare  to 
the  unfortunate  sufferers.  Their  hinder  and  inner  angles  are  some- 
times replaced  by  wormian  bones®. 

SapCTcm»iT  ^^^  sujyf'rciUar^i  ridges  are  formed  by  the  confluence 

ridge  And  notciL  ^f  ^\^^  anterior  margins  of  the  orbital  plates  with  the 
frontal  portion  of  the  bone.  They  are  strong  and  arched  so  as  to  be 
able  to.  resist  blows  and  to  receive  the  malar  and  maxillary  bones 
which  are  applied  against  the  angular  processes  forming  their  outer 
extremities.  Tlie  arching  of  the  brows,  added  to  the  direction  of 
the  hairs  placed  upon  the  skin  which  covers  them,  diverts  to  the 
sides  of  the  face  the  streams  of  sweat  flowing  from  the  forehead,  and 
saves  the  annoyance  they  would  otherwise  occasion  to  the  eyes. 


■ 


^  Tfftm.  of  P^i*  Soc,  I.    i88.     In  »  cAse  quoted   by  Abercrombie,   Diteasf*  qf 
J?riiifip  p^  4t,  it  would  neem  to  bavo  bepn  perforntt'd  by  matter  fonning^  in  the  orbit. 
>  Pag©  los,  aod  Hewitt  in  Med,  Trm/i  and  Gas.,  March  17^  1858, 
^  See  the  oontraat  of  their  shijipe  at  the  time  of  birth  and  in  the  ad  rait,  represented 
in  PL  XV.  figfl.  3  and  4.     At  tb©  former  period  they  are  inoch  leas  arched  than  in  the 
latter,  to  afford  more  space  for  the  large  cerebrum. 
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The  outer  part  of  each  Buperciliary  or  "  supra-orbitar'  ridge  is  par- 
ticularly proTiiineiitj  defending  the  eye  in  this  the  most  exposed 
direetion,  and  giving  shelter  t^  the  lachrymal  gland.  The  inner  pnrt 
is  less  sharp*  The  ridge  is  int-emipted  near  the  inner  part  by  the 
mipra-orbiial  noteh^  which  trans^niits  the  frontal  nerve,  and  which  is 
sometimes  converted  into  a  foramen.  A  small  hole  at  the  hottom  of 
the  notch  transmits  a  vein  from  the  diploe  to  join  the  ophthalmic  vein 
(page  196).  Another  vehi  from  the  same  source  often  perforates  the 
orbifal  plate  near  the  external  angular  process;  and  a  small  hole  in 
the  latter  situation  sometimes  transmits  a  branch  of  the  anterior 
meningeal  artery  to  the  lachrymal  ghyid\ 

The  want  of  sharpness  and  projection  of  the  inner  part  of  the 
supra-orbital  ridge  is  compensated  for  by  the  bulging  of  tlie  anterior 
wall  of  the  frontal  sinuses;  and  the  bone  is  here  perforated  by  xuany 
holes  for  the  transmission  of  vessels  to  and  from  the  sinuses.  In  the 
middle  line  it  often  presents  small  closely-set  transverse  ridges  and 
ftmrows,  whicli  are  the  remnants  of  the  frontal  suhire. 

The  frontal  eminences^  which  are  situated  above  the 
sujicrciliarj"  ridges,  vary  a  good  deal  in  different  persons; 
often  they  are  unsymmetrical  in  the  same  person.  A  want  of  uni- 
formity in  this  respect  led  to  the  presumption  of  fractin^e  in  a  case 
which  occurred  under  Velpeau  at  the  Hopital  de  la  Piti<5. 

The  foramen  c^cum,  when  it  is  open,  transmits  into 

FoTttmin«csi>ai  * 

itnd  orbiuiu  tlie  nose  a  vein  of  communication  between  the  vessels  of 
the  schneiderian  membrane  and  the  longitudinal  sinus. 
It  is  sometimes  impervious  at  the  lower  part^  e:S[jccially  in  old 
persons.  The  internal  orbital  foramina  ^  transmitting  branches  from 
the  ophthalmic  veins  to  the  nose,  afford  additional,  though  less  direct, 
means  by  wliicli  vascular  communications  are  established  between 
the  schneiderian  membrane  and  the  dura  mater.  If  we  add  to  these 
the  cribriform  holes  themselves,  we  find  here  ample  anastomosis 
between  the  nasal  and  the  intra-cranial  vessels. 

A    slicfht   elevation    in    the  median   line  marks  the 

position  of  the  suture  %vhieh  united  the  lateral  halves  of 

the  bone.     In  some  of  the  lower  animals  this  is  elevated  into  a 


FmuUI  euii 


1  Joardtn,  Ene^L  Anut.  n.  17. 
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ridge  continuous  with  that  of  the  parietal  and  occipital  bones.  The 
coronal  edge  of  the  frontal  h  bevelled  so  as  to  be  adapted  to  the 
parietal,  that  is^  at  the  expense  of  the  inner  table  above,  and  of  the 
outer  one  in  its  lateral  parts.  It  will  he  observed  that  the  serration 
is  much  less  complicated  near  the  middle  line  and  at  the  sides  of  tlie 
suture,  where  the  bones  overlap  one  anotlier  in  opposite  dir^ctiona, 
than  at  the  intermediate  parts  where  their  edges  are  in  the  same 
plane-  The  same  thing  will  be  found  in  other  regions  of  the  skull; 
where  there  is  much  overlapping  there  is  less  serration  than  in 
parts  where  the  edges  of  the  bones  are  more  directly  opposed  to 
one  another. 

The  ossification  of  the  frontal  bone  begins  very- 
early,  sooner  than  that  of  any  of  the  other  cranial 
bones;  jirobably  because  it  carries  tlie  face,  through  the  medium  of 
the  three  processes  which  run  out  from  it  tor  that  purpose.  Bone 
is  fii'st  formed  at  the  part  subservient  to  this  work — viz.  along  the 
superciliarj'"  portion,  at  or  before  the  second  month — and  radiates 
fiTim  it  backwards  over  the  orbit  and  upwards  upon  the  forehead^. 
We  might  exjiect  separate  nuclei  for  the  external  angular  processes, 
forasmuch  as  they  are  separate  Iwnes  in  reptiles  and  fishes,  called 
the  **  post-frontals;'*  but  I  have  not  succeeded  in  finding  them*.  At 
birth  the  Iwne  is  divided  into  halves  by  the  frontal  suture,  which, 
at  the  upper  part,  expands  into  the  anterior  fiintanelle.  By  the  agii 
of  two  years  this  suture  is  generally  obUterated,  and  the  fontanelle 
is  closed. 


'  OsfiificatioD  is  cotoinoiily  said  to  commetiee  in  the  situation  of  tbe  frontal  pro- 
tiLberftDces.  1  have,  however,  found  it  first  just  above  the  orhita ;  Kerkringiua  {Os- 
taoffenia  fastuum,  cap.  Ii.)  deacribei  it  as  begintiLng  at  thi«  pomt,  and  sayi  that  it 
spireadg  upwards  on  either  Btde  towards  the  parietal  bon^  lo  aa  to  enclose  a  central 
portion  wliich  is  subsequently  covered  in.  BlantUn  {Anaiomie,  i.  78)  gives  the  same 
account. 

'  In  one  bydrooephaHo  specimen  the  craniid  was  separate  from  the  fuperciliary 
portion.  Thia  cannotj  however^  be  relied  on  as  a  veritable  exponent  of  the  manner 
of  development,  because  gaps  of  irregrilar  shape  and  of  conEiderablo  size,  not  always 
symmetrical  on  the  two  iirfes,  are  often  mot  with  in  the  frontal  bones  of  children 
afflicted  with  this  disease.  They  are  probably  the  result  of  the  etretcbing  to  which  the 
primordial  mt<mbrane  and  the  growing  bone  have  been  aubjected;  and  it  in  quite 
Ekely  that  tb©  stretching  may  have  cauged  the  separation  between  the  cranial  and 
tuperoiliary  parts  In  the  mstajQce  I  have  alluded  to. 
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The  froTitiil  Kotiire  remaina  as  loner  as  the  other  sutures 

Frontal  future 

ooouionKiiy  in  some  quadrunmna  and  other  animals,  and  oooamonally  in 
^  man, — in  about  one  akuU  in  twenty*.  When  it  is  permanent^ 

one  of  tlie  frontal  bonea  joins  the  opposite  ptu-ietal  djugonflJly,  forming  a 
union  Kiiriilar  to  that  which  usually  occurs  in  the  palate  between  the 
maxillaiy  tind  paliite-bones,  and  theF8  is  also  a  dijigonaJ  union  of  one  of 
the  frontal  bones  with  one  of  the  nasal  at  the  other  end  of  the  suture. 
The  side  which  in  united  diagnnidly  with  the  opposite  [>arietal  may  or 
miiy  not  he  the  one  which  is  united  diag^iinally  with  t?ie  ojij^osite  nasal. 

Judging  &om  w^hat  has  been  said  at  page  2ii  respecting  the  association 
of  niirrowness  of  the  crjiniiim  with  aKsence  of  the  sagittal  suture,  I 
thought  that  thexe  might  he  some  relation  between  the  width  of  the 
foreliead  and  the  persistence  of  the  frontal  suture;  but  have  not  found 
that  it  is  so,  the  suture  not  being  more  finoquently  present  in  wide  than 
in  narrow  foreheads.  In  hydrocephahw  the  two  siilea  of  the  fi-ontid  bone 
are  pressed  apart^  and  an  indoi>endent  phit-e  is  occaaionally  developed  in 
the  interval  between  them'.  In  acephalous  monsters  the  frontal  portion 
is  commonly  deficient  Oecaaionally  the  frontal  bone  is  entirely  deficient^ 
its  place  being  supplied  by  the  elongated  parietal  bones** 

The  varieties  in  this  bone  in  mdth  and  height,  in  the  angle  of  incli- 
nation, in  the  size  of  its  sinuaeSf  and  in  the  prominence  of  its  protuber- 
ances are  perhaps  of  more  importance  in  physiognomy  than  those  of  any 
other  bone  in  the  heiid. 

It  is  more  frequently  the  seat  of  disease  than  the  other 

PTOntAl  bone 

nfi«ji  the  Mftt  cranial  boneSf  being  more  subject  to  thickening,  to  syjihi- 
litic  caries,  and  to  malignant  growths.  There  is  one  disease 
which  hardly  ever  affects  the  other  calvarial  bones,  except  tlie  frontal 
has  been  first  attacked,  I  mean  the  formation  of  nodidated  bony  growths, 
or  **  osseous  tumours,**  which*  may  begin  on  either  side,  or  in  the  middle 
line,  of  the  frontal  bone,  and  wliich  spread  along  its  surfeoe,  extend- 
ing to  the  adjacent  bones,  attaining  considerable  size,  and  encroaching 
ui>on  the  cranial  ca^nty  as  well  as  bulging  outwards.     They  may  also 


'  Congenital  consolidation  has  been  observed,  iind  the  fpontad  suture  htm  been 
found  not  running  straight  to  the  sagittal  suture.  Ottos  Paih.  AmU.  by  South, 
p.  i66.  • 

'  Foot-note  3  on  page  19a ;  and  case  by  Dr  Freekleton  in  Bd.  Mtd.  and  5i»rflr* 
J&umalj  xvii>  341. 

>  Otto's  Paih,  A  not.  by  Souths  p.  f  06. 
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take  their  origiD  in  the  upper  or  lower  jaw-bones,  and  sjux^ml  tJience  to 
the  frontel  and  the  otlier  bones ;  but  this  rarely  happeos. 

Lassus^  quotes  examples  of  osseous  exostoses  resembliug 
cyjito  form  homa  springing  from  one  or  both  sides  of  the  frontal  bone. 
apon  It.  Probably  some  of  these  were  mere  warty  growths  from  the 

skin^  with  a  thick  corneous  cuticular  coveringt  or  were  consequent 
on  the  formation  bursting  and  subsequent  cuticular  outgroi^'tb  of  8eba* 
oeouB  cysts.  This  leads  me  to  remark  that  such  cysts  are  very  fre- 
quently met  with  in  close  connection  with  the  frontal  bone,  commonly 
juat  behind  the  external  angular  proceaa,  and  often  under  cover  of  tlie 
temporal  fascia ;  I  have  met  with  them  occasionally  u\*(m  other  parts  of 
the  bone.  They  are,  so  far  as  I  know,  always  congenital ;  though  th^ 
often  escape  notice  for  some  years,  and  I  have  been  called  upon  to  remove 
them  in  gro^Ti  ui>  and  even  elderly  persons*  If  left  alone  they  do  not 
attain  great  size,  and,  after  a  time,  for  the  most  part,  become  stationary. 
They  lie  upon  the  bone  itself,  or  in  such  close  contact  with  it  that  it 
is  usually  necessary  to  expose  it  to  effect  their  complete  removal;  I 
found  one  occupying  a  cup-like  depression  of  considerable  depth  in  its 
substance,  which  had  probably  been  caused  by  the  growing  up  of  the  bone 
aroimd  the  cyst.  They  resemble  the  ordinary  **wens**  in  structure  and 
contents.  I  know  no  other  part  of  the  osseous  system  with  which  cysts 
of  this  kind  grow  in  so  frequent  and  intimate  connection. 


THE  TEMPOllAL  BONES 


Their  ruled 


contain  the  organs  of  hearing,  disposed  on  their  exterior 
ofitewMid        and  in  diversely  sha|3ed  cavities  and  canals  hollowed  out 

in  their  interior.  They  contribute  to  tlie  formation  of 
the  cranial  cavity.  They  send  buttresses — ^the  zygomata — forward 
to  support  the  upper  jaw;  and  they  form  the  sole  resting-points  of 
the  lower  jaw.  They  furnish  the  handles — ^tbe  mastoid  processes— 
for  attachment  of  the  muscles — the  stemo-mastoid,  splenii  and  tra- 
chelo-mastoid — ^which  effect  the  more  powerful  rotatory  moTemcnts 


'  PatAoloffit  Ckirurgiealt^  I.  cap.  8«. 
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of  the  head;  and  they  furnish  the  styloid  processes,  from  which 
muscles  pass  to  the  phar}nix  the  hyoid  boae  and  the  tongue. 
They  are  perforated  by  the  arteries — the  carotids — which  transmit 
one  half  of  the  supply  of  blood  to  the  brain;  and  they  are  grooved 
by  the  great  veins— tlie  lateral  sinu.'=;es — which  discharge  all  the 
blood  from  tlie  brain.  They  are  grooved  al&tj  by  two  of  the  tribu- 
tary sinuses — the  superior  and  interior  petrosal—,  besides  being 
grooved  by  the  main  arteries  of  the  dura  mater — the  middle  menin- 
geal—.They  transmit  the  great  motor  nerves  of  the  face — the  portio 
dura  of  the  seventh  on  either  side- — and  the  sympathetic.  They 
lodge  the  Gasserian  ganglia,  from  which  pass  the  motor  nerves  of 
the  lower  jaw  and  the  nerves  of  sensation  to  the  entire  fore  part  of 
the  cranium  and  face.  They  form  one  side  of  the  foramen  which 
transmits  the  glosso-pharyogeal,  the  pneumogaj^tric  and  the  spinal 
accessory  nerves.  In  addition  to  this  there  are  foramina  and  channels 
in  the  bone  for  the  passage  of  communicating  filaments  between  ajl 
or  most  of  these  nerves.  The  bones,  wedged  in  between  the  occi- 
pital and  the  sphenoid,  appear  to  be  compounded  of  derivatives 
from  both,  and  of  an  osseous  sense-capsule  besides.  I  may  ob- 
serve, moreover,  that,  in  the  different  classes  of  the  animal  king- 
dom, their  several  component  parts  undergo  such  great  modifica- 
tions and  changes,  (gi*eater  perhaps  than  those  of  any  other  bone 
of  the  skeleton,)  that  it  is  often  very  difficult  to  recognise  them 
under  their  various  metamoiphoses.  It  is  no  wonder,  then,  that 
the  sympathetic  relations  of  this  region  with  other  parts  of  the 
bfKly  are  so  remarkable,  that  an  ear-ache  is  the  most  intolerable 
of  all  aches,  that  in  some  persons  the  introduction  of  a  speculum 
and  the  washing  out  the  external  auditory  passage  causes  con- 
vulsive fits  of  coughing  and  choking,  and  that  accumulations  of 
wax  and  mucus  in  the  cavitie.s  and  passages  are  occasionally  the 
source  of  so  much  annoyance:  no  wonder  that  the  student  finds  it 
difficult  to  acquire  a  clear  and  accurate  knowledge  of  the  temporal 
b^'jne:  no  wonder  that  anatomists  are  not  agreed  respecting  the 
horaological  relations  of  its  several  parts. 

The  two  temporal  bones  receive  and  support  the  parietals  above, 
and  are,  in  turn,  received  and  supported  by  the  splienoid  and  occi- 
pital 1>clow»    Their  superior  edges  are,  accordingly,  bevelled  at  the 
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expense  of  the  inner,  and  their  inferior  edges  at  the  expense  of  the 
outer  laminfe,  Tliey  consist  of  five  portions  which  are  commonly 
desciihed  separately,  each  being  in  some  measure  distinct,  and  each 
being  developed  from  a  separate  oBse-ous  nucleus.  The^  are  the 
squamous  J  the  niastotJy  the  petrosal  j  the  tympanic^  and  the  styloid^, 
siiiumolu  '^l*^  squamotLS  portion  is  convex  externally  in  the 

portion.  higher  families  of  the  human  species,  giving  a  rotundity 

to  the  exterior  of  the  cranium  at  this  part;  and  the  great  extent  of 
its  vertical  depth,  in  comparison  with  its  antero-posterior  measure- 
ment, and  the  convexity  of  its  upper  border  are.  peculiar  to  man.  In 
quadrumana  it  is  flatter  and  of  more  square  shape,  with  a  straight 
upper  border*     The  glenoid  caviiy,  lined  with  a  thin 

Glenoid  cavity,   ,  -  .,  •  ■  i  p  t      j* 

layer  of  cartilage,  is  seen  on  its  under  surtace.  In  front 
of  the  ca\nty  is  a  ridge  or  eminence,  aIbo  covered  ^rith  cartilage, 
upon  wliich  the  condyle  of  the  jaw  mounts  when  tlie  mouth  is 
widely  opened,  returning  again  into  the  glenoid  fossa  when 
the  mouth  is  closed.  Tliis  ridge,  as  well  as  the  glenoid  ca\4ty, 
has  its  long  axis  directed  inw^ards  and  backwards^  in  accordance 
with  that  of  the  condyle  of  the  jaw,  which  llicilitates  the  oblique 
or  rotatory  movements  of  the  inferior  maxilla  in  mastication.  The 
glenoid  cavity  is  separated  from  the  petrous  bone  and  the  lower 
part  of  the  tympanic  bone  by  the  Jissura  Glaseri\ 
which  is  a  remnant  of  the  first  visceral  cleft  of  the 
early  embryo  (page  179),  and  which  still  communicates  with  the 
tympanum.  Just  in  front  of  the  outer  part  of  this  fissure  may 
po*HknoSd  ^  noticed  a  small  tubercle,  the  pfmt-f/lenoid  proces.% 
proCTwa.  ^]^g  representative  of  a  much  larger  process  which   in 

other  mammals  descends  behind  the  condyle  of  the  jaw  and  pre- 
vents its  being  drawn  backwards  from  the  glenoid  cavity  in  the 
efforts  of  mastication.  It^  large  size  in  the  skull  of  the  chim- 
panzee constitutes  one  of  the  characteristic  differences  between 
that  and  the  human  skull.  In  the  latter  tliere  is  no  necessity 
ibr  so  large  a  **  stop,"  in  consequence  of  the  more  vertical  direction 


Ftiauift  OLuerL 


'  I  frequently  call  theae  "gqu&mom  bone,"  **maBtoid  bone,"  &c.  to  avoid  the 
longer  pbra^efl,  "tqti»mou6  portion  of  the  tempooil  bone,"  &c. 
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of  the  neck  and  ascending  portion  of  the  lower  jaw,  and  in  conse- 
quence of  the  do^vTiward  growth  of  the  tympanic  and  vaginal 
processes,  which  render  dislocation  of  the  jaw  backwards  almost 
impossible.  Nevertheless,  although  the  process  is  of  smaller  size 
in  man  than  in  the  lower  animals^  it  is  still  sufficient,  under 
ordinar)^  circumstances,  to  prevent  the  condyle  of  the  jaw  passing 
backwards,  and  is  really  the  agent,  at  any  rate  is  an  important 
agent,  by  which  such  displacement  is  prevented.  This  is  best 
perceived  in  a  section  of  the  joint  in  its  recent  state,  such  as  is 
represented  in  Ph  XVIII.  fig.  4  and  5  B.  In  some  hiunan  skulls, 
particularly  tliat  of  the  Negro,  which  presents  so  many  approxima- 
tive tendencies  to  the  skull  of  the  quadnmianous  animal,  this  process 
is  strongly  marked,  grow  big  downwards  and  pushing  downwards 
the  t^iiipanic  portion,  which  is  situated  below  and  hehind  it,  and 
which  is  always  quite  distinct  from  it,  being  separated  from  it  by 
the  **  fisaura  Glaseri/* 


N 


PecoliuitlM 
ofgtoaold 
c&vitles  in  cat' 
nivonw  granik- 
HiTOift,  and 
rodentia. 


In  **camivars'*  both  the  ridge  boimding  the  fore  pflj*t  of 
the  glenoid  csavity,  and  the  post-glenoid  process  stand  out  more 
sharply  than  in  man,  and  curl,  one  baekwards  and  the  other 
forwards,  bo  as  to  circumscribe  the  anter^vposterior  diameter 
of  the  cavity  and  reduce  it  to  a  mere  furrow,  in  which  the 
transversely  elongated  condyle  of  the  jaw  turns,  Hke  the  pin  in  the  angel 
of  a  hinge-joint.  This  arrangement  j>ermit8  nnly  the  movementn  requisite 
for  opening  and  shutting  the  mouth,  and  prevents  dislocation  forwards 
during  the  wide  separation  of  the  jaws  which  tliese  animals  are  able  to 
effect^  as  well  as  biickwards  when  the  month  m  being  ehjsed.  In  **grami- 
nivora"  the  anterior  ridge  is  almost  absent,  the  articulating  facet  is  nearly 
flat  and  extends  forwards  a  considerable  diirtance,  so  as  to  give  greater 
range  to  the  antercF}>oeterior  shding  of  the  condyles  and  the  rotatory 
movements  of  the  lower  jaw.  In  the  glenoid  cavitj'  of  man  the  conditions 
are  intermediate  Vietw^een  these  two;  or  rather  the  ridge  is  much  leas  pro- 
nounced than  in  camivora,  and  is  iomeu:^^  more  marked  than  in  gramini- 
vora;  ro  that  this  joint,  Hke  the  teeth,  approaches  more  nearly  to  the  cha- 
racters dispAayed  in  the  latter  class  of  animals,  than  in  the  former.  The 
movements  of  the  jaw,  regulated  by  the  shape  of  the  articulating  surfaces, 
resemble  those  which  take  place  in  both  classes;  but  they  are  hmited 
in  their  extent,  the  hinge-like  action  being  less  than  in  the  camivora 


25(5 


THE   SKL'LL. 


and  the  lateral,  or  rotatory  play,  being  leas  tJian  in  graminivara.  In 
"rodents"  the  shape  of  the  glenoiil  cavity  is  quite  different  It  is  con- 
cave in  a  latem!  direction,  so  as  to  form  a  deep  groove  in  which  the 
condyle  of  the  jaw  can  play  forwaixis  and  backwards  with  freedom ; 
while  the  condyle  itself  m  almost  spherical,  so  as  to  permit  the  moYemeiit 
of  opening  and  shotting  the  mouth  to  take  place. 

BepthofUie  The  waU  of  the  skull  forming  the  bottom  of  the  glenoid 

**^*'^"  cavity  is  slightly  prominent  in  the  interior  of  the  cranium, 

as  if  it  hatl  been  pushed  up  by  the  pressure  of  the  condyle  of  the 
lower  jaw.  It  is  quite  tldn  and  tmnBiucent,  and  is  surrounded  ajid 
sti-engthened  on  all  aides  by  thick  ridges  I  This  deeper  part  of  tbe 
glenoid  ca%^ty,  where  tlie  pai'tition  wall  between!  it  and  the  cranial 
cavity  is  so  thin,  lodges  the  hinder  thick  edge  of  the  interarticul&r 
cartilage,  and  is  aeparated  by  it  from  the  condyle  of  the  jaw,  being  thus 
defended  fnjm  any  jars  or  injiuiona  pressure  which  might  otlierwise 
have  been  caused  during  masticatioxu  It^  depth  is,  in  the  recent 
state,  increased  by  the  cartilage  which  surrounds  its  edge  being  tliicker 
than  that  which  covers  its  bottom.  The  cartila^  is  thickest  upon  the 
ridge,  and  tliis  bears  the  chief  pressure  of  the  jaw  during  its  move- 
ments, both  in  consec^uence  of  the  forward  cur\'e  in  the  neck  of  the 
jaw,  and  in  consequence  of  the  direction  in  which  the  gi-eater  part  of 
the  fibres  of  the  pterygoid,  masseter,  and  temporal  mu»clea  pull  upon 

it  (p.  288). 

The   zygomatic  process   is   an  outgrowth  from  tlie 

squamous  bone*      At  its  root  it  is  closely   connected 

with  the  articular  surface  for  the  lower  jaw,  and  greatly  strengthens 

this  part  of  the  bone.     Indeed,  the  glenoid  cavity  might  almost 

be   said   to   be   formed  by   the  bifurcation  of  its  root;    for   the 

anterior  division  running  inwarda,  constitutes  the  ridge  upon  which 

the  condyle  desicends  when  the  mouth  opens;  and  the  posterior 

division  skirts  the  outer  part  of  the  glenoid  cavity.     The  latter, 

passing   beyond   the   glenoid    cavity,    forms  the  Buperior  margin 


Zygon 


*  In  the  Jtmrnal  Jichdojrutdmre  de4  proffrh  dti  Seiencet  Midicahjs,  1834,  Tom.  UI. 
p.  335,  &  rcmarkabk  case  is  related  in  which  the  condyle  of  the  lower  jaw  was  driven 
through  the  glenoid  cavYifcy  into  the  »kull  by  a  fall  from  a  second  Htory  window.  The 
patient,  eet.  31,  was  drunk,  and  fell  upon  his  chin  ;  he  lived  more  than  five  munths 
after  the  accident,  dying,  at  le-ny^th,  of  an  ab&cesa  at  the  baae.  It  was  supposed 
during  Efe  that  the  neck  of  the  condyle  wa«  broken.  The  case  is  quoted  at  length  by 
Mr  HewiU.— Jft'oT.  Timft  and  Ga^  March  6tli,  1B58. 
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of  tlie  external  auditoiy  nicatiis,  and  is  prolonged  backwards  to 
join  the  temporal  ridge  and  ibmi  a  contiTiimtion  of  it.  The  upper 
edge  of  the  zygoma  to  which  the  temporal  fascia  is  connected 
is  sharp;  its  lower  edge  is  thicker  and  gives  origin  to  the  mas- 
seter  muscle;  and  the  upper  surface  of  its  root  forms  a  smooth 
channel  for  the  play  of  the  hinder  fibres  of  the  temporal  muscle. 
In  the  Negro  the  greater  width  of  this  channel  throws  out  the 
zygoma  into  stronger  relief,  and,  added  to  the  flatness  of  the 
8t|tiamoii8  portion,  affords  more  space  for  the  temporal  muscle. 
On  the  smooth  retiring  part  of  Its  outer  surface,  just  in  front  of 
the  ear,  lie  the  temporal  artery  and  the  branch  of  the  fifth  pair 
of  nerves  which  supplies  sensation  to  the  adjacent  skin.  The 
zygomatic  process  overlaps  the  malar  bone  at  the  line  of  their 
union,  so  as  to  assist  it  and  the  Buperior  maxilla  to  resist  the 
upward  pressure  to  which  they  are  subjected  in  mastication.  The 
extent  of  this  overlapping,  as  well  as  the  strength  of  the  zygo- 
matic arch  and  the  size  of  the  space  enclosed  by  it,  are  greater  in 
the  Negro  than  in  the  European,  and  tlir  greater  in  camivora 
than  in  either. 

The  hinder  root  of  the  zygoma,  where  it  is  con- 
tinued into  the  temporal  ridge,  marks  the  boundary 
between  the  mastoid  and  squamous  regions;  and  the  upper  edge 
of  the  mastoid  portion  differs  firom  that  of  the  squamous  in  being 
cut  horizontally  or  sloped  a  little  outwards,  so  that  it  bears,  rather 
than  encloses,  the  parietal  bone.  The  mastoid  is  a  thick,  spongy 
portion  of  bone;  and,  where  it  is  thickest,  that  is  to  say,  where 
it  forms  the  mastoid  process,  it  is  hollowed  out  into  air-cells, 
which  open  into  the  tympanum  and  derive  from  that  cavity  a 
prolongation  of  its  lining  membrane  througli  the  foramen  of  com- 
mmiication.  These  mastoid  cells,  like  the  other  sinuses  of  tlie 
skull,  are  not  developed  till  after  puberty*  They  serve  to  lighten 
the  bone.  Whether  they,  in  addition,  contribute  to  the  sense 
of  hearing  is  uncertain.  It  is  probable  that  they  serve  some 
good  puqjose  in  extending  the  tympanic  ca\^ty  and  permitting  it 
to  contain  a  larger  quantity  of  air,  performing  the  same  otSce 
as  the  hollow  appendage  to  the  tympanum,  which  is  pre^nt  in 
most  camivora,  and  which,  in  the  cat  particularly,  constitutes  a 
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large  globular  process  beneath  the  petrous  portion  of  the  temporal 
bone. 


Emphysema  b  said  to  have  been  caused  bj  the  escape  of  air  from 
the  fiia8toid  ce^s  iii  fiucture  at  this  jmrt;  and  ahacesses  aometfmes 
form  in  them  aod  burst  extemallj.  Occasionally  the  mai^t^^id  process  on 
each  side  is  double^  j  and  I  have  seen  the  eininetice  on  the  inner  aide 
of  the  digastric  groove  b\dgcd  into  a  prominence  as  large  as  the  mastoid, 
and  containing  an  air-cavity  which  comriumieated  with  the  mastoid 
cella.  In  the  Elepliant  the  enoniioiiBly  developed  mask>id  cells  com- 
municate, through  the  medium  of  the  expanded  pneumatic  diploe  of 
the  other  cranial  bones,  with  the  irontal  sinnses. 

The  mastoid  processes  afford  a  leverage  to  the  muBclcs  which 
rotate  the  head.  Being  placed  behind  the  plane  of  the  condyles 
they  enable  the  muscles  attached  to  them  to  assist  in  elevating 
the  face  and  balancing  the  head  in  the  erect  poature.  They  do 
not  exist  in  the  infant;  but  grow  out  in  childhood  as  the  jaws  and 
teetli  are  acquiring  more  weight.  Like  the  other  processes  at 
the  back  of  the  head  they  attain  to  greater  size  in  the  Negro,  for 
the  purpose  of  aiding  the  muscles  to  balance  the  prolonged  and 
more  weighty  maxillary  apparatus.  The  mastoid  bones  are  per- 
FanuBinjifor  for^ted  ucar  their  hinder  parts  by  one  or  two  foramina, 
▼eitw,  which   transmit  veins  from  the   diplcie   and   from  the 

exterior  of  the  head  to  tlie  lateral  sinuses.  Hence  the  selection 
of  tlie  back  of  the  ear  as  the  part  for  the  application  of  leeches 
to  relieve  cerebral  congestion^.  Thus  each  of  the  cranial  bones 
we  have  considered  haa  a  foramen  for  the  purpose  of  permitting 
direct  communication  between  the  sinuses  on  its  interior  and  the 
external  veins.  There  is  the  posterior  c^ndyhid  of  the  occipital 
bone,  which,  crossing  over  the  hinder  part  of  the  condyle,  and 
reaching  the  **  anterior  condyloid  foramen,"  transmits  a  vein  to 
join  the  lateral  sinus  immediately  beneath  the  jugular  hole.    There 


; 


^  HyrtI,  Anatiimk^  a.  189. 

•  "In  Borae  aubjecla  I  have  seen  a  brancb  of  the  occipital  artery  pass  throogh  thin 
hole  t^  serve  the  poffterior  part  of  the  dura  mater,"  Monro*!i  i?ifl/  of  the  Bona, 
1736. 
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is  the  parietal  foramen  perforating  the  posterior  superior  angle  of 
the  parietal  bone,  and  transmitting  a  vein  to  the  longitudinal  sinus : 
and  there  is  the  Jbramen  ccecum  of  the  frontal  bone,  through  which 
the  terminal  portion  of  the  longitudinal  sinus  finds  its  way  into 
communication  with  the  veins  of  t!ie  nose.  As  a  general  rule 
it  is  probable  that  the  current  of  blood  sets  from  without  inwards 
through  these  foramina;  but,  by  permitting  it  to  flow  in  an  opposite 
direction,  they  may  serve  to  relieve  or  prevent  over  congestion 
of  the  cerebral  veins.  The  same  purpose  may  be  intended  by  the 
large  venous  channels  that  ramify  in  the  diploe  of  the  skull. 

The  petrous  part  of  the  temporal  bone  owes  its 
chief  interest  and  peculiarities  to  the  fact  of  its  con- 
taining the  essential  part  of  the  organ  of  hearing  spread  out  in 
a  complicated  system  of  cavities  and  canals^  called  the  **  labyrinth," 
which  are  hollowed  out  in  its  interior.  It  is  especiaUy  devoted 
to  tliis  purpose  and  constructed  for  it.  Its  density,  which  in- 
creases towards  the  interior,  is  greatest  in  the  immediate  neigh* 
bourhood  of  the  auditory  cavities,  so  as  to  form  what  has  been 
described  as  a  "bony  labyrinth"  investing  the  "membranous 
labyrinth/'  This  density  of  the  bone  serves  to  fecilitate  the 
vibrations  of  the  fluid  upon  which  the  auditory  nerves  are  ex- 
panded. It  permits  also  the  communication  of  sufficient  vibrations 
through  the  walls  of  the  skull  to  cause  auditoiy  impressions, 
independently  of  those  which  are  transmitted  through  the  external 
meatus.  In  case-  of  a  severe  blow  these  vibrations  may  be  so 
jarring  as  to  discompose  the  delicate  structures  within  and  to 
induce  concussion  of  them ;  and  this  is  probably  one  cause  of  the 
deafness  which  sometimes  follows  a  fall  or  sharp  knock  upon  the 
head. 

Pwte  obacrred  "^^^  cxtcrior  of  thc  pctTous  bouc  prescuts  indications 
ooiteMterior.  ^^f  ^j^^  parts  coutaiued  within.  The  most  marked  of 
these  is  the  prominence  of  the  superior  semicircular  canal,  seen 
near  the  middle  of  its  anterior  surface.  This  stands  up  in  very 
strong  relief  in  the  yoimg  child  (PI.  IV.  fig.  1  m)  and  in  many 
animals,  in  consequence  of  the  space  encircled  by  it  being  occupied 
only  by  cartikge  or  fibrous  tissue.  External  tx)  this  prominence 
is  a  depression  indicating  the  position  of  the  tympanum.     The 
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"bone  is  here  very  thin;  andj  in  the  dry  atate,  the  tjTia panic  cavity- 
is  sometimes  exposed ^  Still  more  outwardly  is  a  ridge,  which  ia 
continuous  behind  with  the  prominent  anterior  margin  of  the  canal 
for  the  lateral  sinus,  and  which  corresponds  with  the  line  of 
attachment  of  the  membrana  tympani.  Near  this  ridge  a  fissure 
may  be  sometimes  seen  extending  from  before  backwards  between 
tlie  petrous  and  squamous  portions  j  it  results  from  an  incomplete 
union  of  the  two  parts.  On  the  inner  side  of  the  prominent 
superior  semicircular  canal  is  a  depression  over  the  vestibule, 
followed  by  an  elevation  for  the  cochlea.  Internal  to  the  latter 
is  another  depression,  near  the  extremity  of  the  bone,  in  which  is 
lodged  the  ganglion ,  of  the  fifth  pair  of  nerves.  The  convolu- 
tions of  the  brain  are  adapted  to  these  eminences  and  depres- 
sions, with  the  exception  of  the  one  l^t  mentioned,  and  are 
therefore  pretty  regular  at  this  part.  On  the  hinder  smface, 
between  the  internal  auditory  foramen  and  the  slit-like  orifice 
for  the  aqueduct  of  the  vestibule,  is  a  transversely  elongated 
eminence,  which  marks  the  position  of  the  inferior  semicirculax 
canal. 

The  prominent  angle  formed  by  the  union  of  the  two  cerebral 
surfaces  of  the  petroiL^  portion  is  truncated  by  the  groove  for 
the  superior  petrosal  sinus.  It  is  received  into  the  interval 
between  the  cerebrum  and  cerebellum,  and  it  gives  attachment 
to  the  tentorium,  which,  in  some  carnivorous  animals,  is  a  bony 
lamina,  extending  from  this  edge  to  the  occipital  and  parietal 
bones. 

The  carotid  canal  by  its  sharp  bend  gives  a  corre- 
sponding  curve  to  the  arteiy,  which  assists  to  break  the 


^  This  ifl  worthy  of  roina,r1t  becauaej  in  chronic  dlseajse  of  the  tympanum,  ulceratloa 
i^imetimea  extends  through  at  this  point,  ^ving  riae  to  fatal  inflammation  of  the  mem- 
branm  of  the  brain.  Abscesses  of  the  hrmm,  or  between  the  memhninefl,  are  siud 
oofamoiudly  to  have  found  a  yent  uk  tbiB  direction,  to  the  tem|>oraTy  or  permanent 
wlief  of  the  patient.  Abercrombic,  Diseases  of  the  Braiut  p.  38.  It  is,  however, 
most  probable  that  in  all  iuch  Cftees  the  bone  waa  the  primary  seat  of  the  disease. 
Moreover,  this  thin  rot»f  of  the  tympanum  is  often  traveraed  by  fractures  at  the  baae  of 
the  ■kuU ;  and,  the  olosely  adheriog  dura  mater^  with  its  arachnoid^pit helium,  being 
tom^  togetbeiF  with  the  membraoa  tympam,  the  fluid  of  the  arachiioiil  cavity  may 
eac&pe  through  the  ear. 
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jerk  of  tfie  cohimTi  of  blocMj  passing  tlirougli  it.  Its  proximity 
to  the  labyrinth  may  be,  in  part,  a  cau^e  of  that  whizzing  aound 
which  is  experienceJ,  sjmchrDTiously  with  the  pulse,  by  some 
ansemic  patients.  The  ye.ssel  lies  at  one  part  close  to  the  eusta- 
chian tube,  separated  from  it  only  by  a  thin  layer  of  cartilage  or 
fibrous  tissue.  A  small  process  of  bone  projecting  into  the  canal 
sometimes  separates  a  lower  narrow  groove^  which  transmits 
branches  of  the  sympathetic  and  other  nerves  and  some  absorbent 
trunks,  from  the  upper  larger  part  of  the  canal  which  is  occupied 
by  tlie  artery.  Mr  Guthrie*  has  **  seen  fracture  pass  across  the 
canal  for  the  carotid  artery  and  extravasation  of  blood  caiLsed  by 
its  niptiitre;  a  fact  which  has  also  been  noticed  by  Bohn." 
TjiapMikpor-  ^^  tympanic  bone  forms  the  lower  four-fifths  of 
****°-  the  circle  to  which  the  membrana  t}Tnpani  is  attached 

and  part  of  the  floor  of  the  tympanic  cavity.  Its  external  edge  is 
thick  and  rough  for  the  connection  of  the  cartilaginous  prolonga- 
tion of  the  external  meatus.  Behind,  it  is  applied  against  the 
mastoid  process  (though  often  partially  separated  from  it  by  a  deep 
nan-ow  clianuel),  the  stylo-mastoid  hole,  the  styloid  process, 
and  the  jngolar  fossa.  In  front  it  is  separated  from  the  glenoid 
cavity,  the  post-glenoid  process,  and  the  middle  root  of  the  zygoma, 
by  the  Jissura  GJaseru  Inferiorly  it  is  prolonged  into  a  sharp 
ridge,  which  extends  as  far  as  the  carotid  canal,  and  forms  the 
boimdary  between  the  parotid  and  jugular  fossaj.  The  part 
corres|M)nding  with  this  ridge  is,  in  many  animals,  swelled  out  into 
a  bulbous  appendage  to  the  tympanum. 

The  styloid  bone  varies  much  in  size  and  shape; 
sometimes  it  is  two  inches  long.  It  has  been  found 
composed  of  several  pieces  united  by  cartilage;  and  occasionally 
it  is  very  thick,  with  a  meduUaiy  cavity  in  its  interior*.  It 
commonly  swells  out  a  little  near  the  extremity^  where  the  stylo- 
ffhssus  muscle  is  attached. 

Each  temporal  bone  is  wedged  and  dovetailed  into 

COtinection  o^ 

temporal  wiui   thc  lowcr  part  of  the  skull,  and  enclosed  between  the 
sphenoid  and  occipital,  in  such  a  manner  as  to  render 


Btytolil  portioiL 


^  If^uriu  qf  the  ffead^  p.  73. 


*  Hyrtl,  AnatomiCf  ».  i8g. 
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it  almost  impossible  tliat  it  should  be  displaced  in  any  direction 
without  fracture.  It  is  worth  while  to  examine  its  margin  care- 
fully all  round,  to  observe  the  manner  of  its  connection  with  the 

surrounding  bones.     Beginning  at  the  hinder  part  of 

its  mastoid  portion,  where  it  is  joined  with  the  occipital, 
we  find  the  margin  not  deeply  serrated,  nor  very  obliquely  cut; 
it  is  slanted,  however,  a  little,  at  the  expense  of  the  inner  table 
above  and  of  the  outer  table  below.    Then  we  come  to  a  remark- 

able  fiat  triangular   surface— the  jugular  facet — just 
1  ridge  Mcend- behind  the  styloid  process*     This  is  united  by  a  thin 

layer  of  cartilage  to  a  corresponding  iacet  at  the  ex- 
tremity of  the  jugular  process  of  the  occipital  bone,  which  runs 
out  almost  transversely  to  meet  itj  and  which  fonns  a  very  strong 
buttress  to  support  the  temporal  bone  and  to  prevent  its  being 
driven  inwards  and  forwards.  The  jugular  process  we  have  already 
(p.  235)  seen  to  be  connected  by  a  strong  bony  arch  with  the 
condyle  of  the  occipital  bone.  The  triangular  facet  of  the  tem- 
poral which  it  supports  is  simnounted  by  the  strong  ridge  at  the 
back  part  of  the  petrous  bone,  which  forms  the  anterior  margin  of 
the  groove  for  the  lateral  sinus,  and  which,  curling  backwards 
to  the  point  of  junction  of  the  squamous  with  the  mastoid  bone — 
to  the  point,  that  is,  where  there  is  a  sudtlen  change  in  the  direction 
of  the  sutim?  with  the  parietal—,  has  to  bear  great  part  of  the 
weight  of  the  parietal  bone.  Thus  the  bnmt  of  the  weight  of  the 
parietal  bone  is  transmitted  along  this  curling  ridge  to  the  jugular 
process,  and  thence  directly  to  the  occipital  condyles. 
Tbejufi^ijif  Immediately   in    front  of  this  jugular  facet  is  the 

**■••'  deep  jitgular  Jbssa,   a  part  of  the  foramen   lucerum^ 

where  is  lodged  the  termination  of  the  lateral  sinus,  which  makes 
a  sweep  and  bulges  a  little  here  previous  to  itB  becoming  the 
jugular  vein.  The  fossa  is  lined  by  fibrous  tissue,  between  which 
and  the  bone,  or  in  a  groove  in  the  latter,  runs  transversely  the  small 
filament  from  the  vagus,  which  perforates  the  wall  of  the  *'  aque- 
duct of  Faliopius  '*  to  reach  the  facial  nerve.  It  is  surmounted 
by  a  sharp  notched  overhangirg  edge,  from  which  strong  bauds  of 
fibrous  tissue  pass  over  the  lateral  sinus  to  the  adjacent  prominent 
margin  of  the  occipital  bone.     At  one  point  the  overhanging  edge 
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nms  out  into  a  diatinct  process^  almost  touching  the  occipital  bone 
and  conriecteJ  \\ni\i  it  by  a  strong  fibrous  band.  This  process 
Its Mpnmtion  separates  the  ** jugular  fossa''  from  the  remaining  nar- 
?°™^'*7!v**'  ^^^  P^J^t  <3f  ttc  **  foramen  lacerum"  which  transmits 

the  wall  of  the  ^^ 

tonmsaiaa^  the  cigbth  nervc;  and  this  narrower  part  is  again 
subdiWded,  by  a  delicate  process  of  bone  jutting  out 
from  the  temporal  to  meet  a  corresponding  process  fit>m  the  occi- 
pital, into  a  small  anterior  channel  which  transmits  the  glosso- 
pharyngeal nerve  and  a  larger  posterior  channel  which  transmits 
the  vagus  and  accessory  nerves. 

In  front  of  the  foramen  lacerum  the  convex  rough 

Union  with  ha- 

KiUr  portion  of  surfacc  of  the  petrous  bone  is  adapted  to  a  concave 
*^  surface  on  the  side  of  the  basilar  part  of  the  occipital. 

The  upper  edge  of  this  convex  surfacc  overhangs  the  basilar 
process,  is  sharp  and  notched,  and  gives  attachment  to  strong 
fibrous  bands,  which,  passing  over  the  inferior  petrosal  sinus,  are 
connected  with  the  rising  margin  of  the  occipital  bounding  the 
channel  for  that  sinus.  Beneath  the  notched  edge  just  mentioned 
is  a  distinct  groove  which  receives  the  sharp  dentated  edge  of  the 
basilar  process.  Beneath  this  again  is  a  peculiar  rough  surface, 
which  is  united  by  means  of  strong,  thick,  ligamentous  tissue  with 
the  corresponding  rough  lateral  surface  of  the  basilar  process.  One 
or  more  separate  portions  of  bone  are  occasionally  found  here 
imbedded  in  the  ligamentous  tissue, 

andAdjftwat  "^^^   tough    ligamentous   tissue,   which  unites   the 

*^^"^'*i'^'^**®**^  approximated  under  surfaces  of  the  petrous  and  occi- 
pital bones,  is  continued  round  the  anterior  extremity  of  the  former, 
along  the  lower  edge  of  the  carotid  canal;  and,  passing  from  it  to 
the  arl jacent  surface  of  the  sphenoid,  connects  these  bones  very 
firmly  together,  forms  a  continuation  of  the  carotid  canal,  and 
closes  the /ura?7^n  lacerum  mediunu  A  portion  of  the  petrous  bone 
forming  the  lower  boundary  of  the  carotid  canal  is  sometimes 
separate  from  the  rest  of  the  l>one  and  lies  imbedded  in  this  tissue, 
like  those  just  mentioned  between  the  petrous  and  occipital. 


*  An  infiependcnt  cMweoua  nucleiis  at  the  extremiij  of  the  petrous  bone  was  re- 
marked by  Cortcse  in  1615,  &nd  was  benoe  c&Ued  oitiadum  Ktanwidetim  CorUaii,     It 
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The  retiring  angle  between  the  petrous  and  the  squamous 
bones,  which  is  coiitinnoiia  with  the  Ji^sura  Olaseri  and  so  urith 
the  tympanum,  receives  the  spine  of  the  sphenoid,  and  the  convex 
anterior  edge  of  the  squamous  bone  is  received  into  the  concavity 
of  the  gre^t  ala  of  the  sphenoid.  The  interlocking  of  the  two 
bones  is  further  increased  by  the  bevelling  of  the  sqiumous  edge 
at  the  expense  of  the  outer  table  below  and  of  the  inner  table 
above-  The  remainder  of  the  convex  squamous  edge  is  very 
obliquely  cut  to  permit  of  its  overlapping  and  embracing  the 
concave  edge  of  the  parietah  At  the  j  miction  of  the  mastoid, 
however,  a  sudden  change  takes  place.  The  bone  is  thicker,  there 
is  much  less  obliquity  of  its  edge,  so  that  it  supports  the  parietal 
in  a  more  limi,  direct  manner;  and  the  outer  table  is,  as  before 
said,  cut  rather  lower  than  the  inner. 

Of  the  five  centres  of  ossification  from  which  the 
temporal  bone  is  developed,  two — the  squamous  and 
tympanic — arc  formed  in  membrane  j  the  others — the  mastoid, 
the  petrous,  and  the  styloid — are  formed  in  eartilage.  Ossificatiori 
begins,  about  the  middle  of  the  third  month,  at  the  lower  part  of 
the  squamous  portion.  It  radiates  thence  to  the  temple,  the 
zygoma^  and  the  glenoid  cavity.  An  osseous  nucleus  soon  after 
appears  at  the  lower  part  of  the  tympanic  ring.  In  the  fourth 
month  osseous  specks  are  seen  in  the  cartilage  of  the  petrous 
|M>rtion,  in  the  situation  of  tlie  labyrinth;  these  spread  so  as 
gradually  to  cover  in  the  vestibule,  the  semicircular  canals  and  the 
cochlea.  Ossification  begins  in  the  cartilage  of  the  mastoid  portion 
at  about  the  same  time^  At  birth  the  several  pieces  are  united 
to.g€ther;  or  tliey  become  so  very  soon  after  birth.  Ossification  is, 
by  this  time,  completed  in  the  squamous  and  zygomatic  portions. 


Development 


)mi  alio  been  olnerved  by  Riolan  (Monro's  Jitalomy  of  the  ffuman  BonrSf  Edinburgh, 
nS^)t  ^7  Meckeli  ^d  Hyrtl, 

^  If  the  s^gomatic  prcx^^sa  ever  origifiatea  in  »  separate  nocleua,  which  an  ob«ervii' 
tion  of  Becliml  (Meckere  Archiv,  VI.  427)  r&ndera  probable,  it  becomes  very  quickly 
imlted  to  the  squamous, 

'  Beclard  says  the  mastoid  U  usimHy  an  outgrowth  from  the  petrous,  but  that 
•oraetiraee  one  or  two  separate  nuclei  appear  in  it  and  quickly  unite  with  the  petrous. 
SerkringiuB,  de  Osleogema  faittiumf  cap.  v.  detcribea  one  or  more  separate  nuclei  in  jt. 


The  glenoid  cavity  h  also  formed  and  Is  covered  by  a  very  tliin 
layer  of  cai"tilage»  It  is  of  comparatively  small  size,  and  tlie 
eminence  in  front  of  it  is  scarcely  to  be  seen.  The  mastoid  part 
is  quite  flat,  there  being  no  trace  of  mastoid  process.  Tlie  petrous 
bone  is  complete,  except  at  its  base  or  outer  surface,  wljerc  there 
is,  in  places,  a  thin  layer  of  cartilage  between  it  and  the  squamous 
portion:  also  between  the  superior  semicircular  canal  and  the 
internal  auditory  foramen  (PU  IV.  fig,  I  L)  there  is  a  vacancy. 
The  tympanic  portion  consists  of  a  mere  ring,  or  rather,  a  horse- 
shoe-like portion  of  bone,  for  it  is  deficient  in  about  the  upper 
eighth  of  its  circumference.  Its  two  extremities  are  united  to 
the  squamous  bone- — the  hinder  at  about  the  seventh,  the  anterior 
at  about  the  eighth  month;  the  remainder  of  its  circle  is  firee 
for  some  time  after  birth.  It  slants  very  obliquely  inwards 
towards  the  base  of  the  skull;  so  that,  although  its  upper  and 
outer  extremities  are  close  beneath  the  zygoma,  its  convex  lower 
and  inner  edge  is  near  to  the  carotid  foramen.  Its  concave  border, 
to  which  the  *' membrana  tympani"  is  attached,  is  finely  serrated; 
its  convex  edge,  applied  against  the  petrous  bone,  ia  more  smooth. 


The  extem/il 
ttuilitory  pM- 
ita^t  find 
mem  bran  a 
tjrtD}i»ni  at 
birUi: 


The  cutaneous  tube  which  forms  the  external  meatus  and 
the  auditory  passage,  ia,  at  birth,  very  narrow;  its  diameter, 
in  the  greater  part  of  it«  length,  being  much  less  than  that 
of  the  tympanic  bone  and  the  membraiia  tympanL  At  its 
inner  part^  near  the  tympamim,  it  is  suddenly  expanded, 
tnimpet-like,  to  the  same  size  as  the  dram,  and  its  wall,  which  is 
tough,  fibrous  or  fibro- cartilaginous,  splits  into  two  layers  and  embraces 
the  tympanic  bone  between  them.  The  innermost  of  these  layers, 
reflected  inwards  over  the  oon<»ve  margin  of  the  bone  and  held  to 
it  by  its  dentated  edge,  forms  the  membrana  tympam,  which,  like  the 
'^ossictda-  auditds,"  is  of  nearly  the  same  size  as  in  the  adult.  The 
outer  layer  passes  over  the  convex  border  of  the  bone  to  the  adjacent 
edge  of  the  petrous  bone,  against  which  it  is  applied,  and  to  which  it 
becomes  attached  as  well  as  to  the  tympanic  bone  It  is  thus  the 
medium  of  union  between  the  tympanic  and  petrous  bones,  holding  the 
former  in  ita  place.  If  it  be  divided  the  tympanic  bone  is  easily  dis- 
placed from  its  position-  At  the  upper  part,  where  the  tympanic  bone 
is   deficient,  the  membrane  of  the  auditory  passage  is  united  to  the 
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aqiiamouB   bone    and  is   reflected  from  it  upon  tbo  tympanum.       THe . 
narrow  auditory  canal  is  directed  towards  tliis  vipper  jmrt,    and    oou* 
sequently  the  sudden  expansion  near  the  drum  affects  chiefly  its  low>er 
wall  and  aides. 

^^^lai^g^f^fiej.  After  birth,  the  zygomatic   and   mastoid    portions, 

******"  aTchiiig   over   the   external    auditory    meatus,    prolong  ^ 

the  upper  wall  of  the  auditory  passage,  while  the  gradually  in- 
creasing depth  of  the  tympanic  hone  prolongs  its  lower  wall  and 
sides,  Tlie  latter  bone  becomes  blended  with  the  ma^stoid  and 
petTOUB  bones;  but  remains  partially  separated  from  the  zygomatic 
and  glenoid  portions  of  the  squamous  by  the  fissura  Glascri.  It 
grows  by  the  increase  of  its  inner,  as  well  as  by  that  of  its  outer 
border,  so  as  to  enlarge  the  cavity  of  the  tyniiianum.  By  \'irtne  of 
tins  growth  the  membrana  tympani  gradually  acquires  a  niiore 
vertical  position,  and  its  lower  border  becomes  distanced  from  the 
carotid  foramen ;  at  tlie  same  time  the  lower  edg^3  of  the  tympanic 
bone  becomes  prolonged  into  the  sharp  ridge  which  separates  the 
parotidean  from  the  jugular  fossa. 

„       „      ,  The  mode  in  which  the  formation  of  the  lower  wall  of 

tlw lower wftit  the  auditory  passage  takes  pla^L^  is  as  follows:  at  birth  we 
uutitorjpas-  ^^7  commonly  discern  small  dentat^d  processes  (€  and  D  in 
*■**•  fig-  1,  PL  XYI.)  jutting  out  from  the  concave  edge  of  the 

tympanic  bone  at  its  fore  and  hinder  part.  These  processes,  growing 
beneath  the  membrana  tjrmpani,  and  approaching  one  another,  shortly 
ooalesce  bo  aa  to  form  a  more  or  less  broad  bar  or  plate,  extending  across 
the  ^oor  of  the  auditory  passage.  The  outer  jagged  edge  of  this  plate 
gives  attachment  to  the  fibrous  cartilage  of  the  tragus.  Between  ita 
inner  edge  and  the  inner  portion  of  the  tympanic  bone  a  hole  is  at 
first  enclo8e<l;  and  the  floor  of  the  ^mssage  is  here,  for  some  time^ 
covered  in  only  by  membmne,  which,  however,  graduaHy  becomes  ossified. 
The  hone  usually  remains  thin  at  this  part,  and,  not  unf^-equently, 
a  smaU  aperture  may  be  discovered  in  the  adult  bone,  resulting  from 
the  imperfect  closure  of  the  hole  just  mentioned.  The  stages  of  this 
prooeaa  will  he  better  understood  by  reference  to  the  accompanying 
plate. 

The  "fissura  Glaaeri"  is  the  remains  of  the  interval  between  the 
tjrmpanic  and  &quamou8  portions  of  the  temporal  bone.  It  is  wider  at 
and  before  birth  than  subsequently. 
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Althougb^  in  msn,  the  tympanic  bone  becomes  early  united  to  tbe 
squamous,  it  romams  separate  from  it  in  many  of  the  lower  animfds  ; 
in  some  of  these  it  ia  joined  to  the  petrous  and  mastoid,  and  forms^ 
with  them  and  the  styloid,  a  bone  which  continues  distinct  from  the 
aquamoms.  The  mastoid  portion  remains  qiiite  separate  in  some  animals, 
and  occaaionaJly,  though  very  rarely,  in  the  human  skuIL 

At  birth  (as  stated  page  230)  the  inferior  surface 
tampon]  boD9  of  thc  basc  of  the  skull  presents  a  slight  convexity  in 
a  transverse  direction,  which  causes  the  glenoid  cavity, 
on  either  side,  to  have  an  inclination  inwards  and  do^^nwards. 
Subsequently  the  base  becomes  ratlier  concave,  and  tlie  glenoid 
cavity  undergoes  a  corresponding  change,  and  slopes  a  little  up- 
wards towards  its  inner  part  instead  of  do\\Tiwards;  the  shape 
of  the  maxillary  condyle  is  in  like  manner  altered.  The  mastoid 
process  becomes  developed  about  the  second  year  and  hollowed 
into  air-cells  about  puberty.  The  styloid  process  is  not  ossified 
till  some  years  after  birth,  and  is  not  united  to  the  rest  of  the  bone 
till  a  variable  period  after  the  adult  age. 

VwietiMuiii  "^  congenita]  cleft,  traversing  the  squamous  portion,  com- 

dlwsMM.  mencing  near  the  petrous  part  and  extending  near  to  the 

most  prominent  part  of  the  parietal  bone,  is  represented  by  Lobstein  ^ 
Clefbs  are  also  described  by  Meckel**  The  temporal  bone  does  not,  how- 
ever, appear  to  be  often  the  subject  either  of  malformation  or  disease. 
The  latter,  when  it  occurs,  generally  originates  in  the  mucous  membrane 
lining  the  tyfnpanic  or  mastoid  cavities.  The  carotid  canal  has  been 
found  so  small  that  it  would  hardly  admit  a  pig's  bristle,  or  qnite  closed, 
in  consequence  of  thickening  of  the  hone*.  Exostoses  now  and  then 
grow  upon  the  zygomatic  portion*. 


1  TrmU  d^Anat.  Pafk  PI.  V.  fig.  2. 

*  Ilandbtvch  dtr  Path.  AnaL  I.  339. 

*  Otto's  Pti/A.  i»a/,  by  South,  p.  173. 

*  Trans,  of  Pathoioffieal  Socidif,  VI,  579. 
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BESCRIFHON  OF  PLATE  XVI. 


Fig.  t»  Temporal  bone  soon  after  birth,  showing  {A,  B)  the  line  of  union  of  the 
convex  margin  of  the  tympanic  bone  with  the  petroua,  and  {Ef  F)  the  pointa  of  union  of 
its  extrcimities  with  the  squainouR.  In  the  interval  btitwe«n  E  and  F,  it  is  w»niiug^* 
Its  crura  have  become  elongated  and  rather  leas  curved,  «o  that  it  now  eocloees  an  | 
oval  space ;  and  pn^ceases  {€,  H)  are  beginning  to  shoot  &om  its  Loner  murgin  beforo 
and  behind.     G^  carotid  hole,     if,  stylo-niAatoiU  hole. 

Fig,  3,  Temporal  bone  of  young  child.  A,  tympanic  hone.  B,  line  of  junctioia 
of  tjiDpanic  and  petrous;  the  dotted  lino  pMsea  over  the  proeesa  between  carotid  hole 
{€)  and  paFotidean  fossa  (D).  E^  fissure,  between  tympanic  and  petroni  hooes,  for  the 
eustachian  tube,  tensor  tjmpani,  and  oorda  tympani;  they  lie  all  three  together  at 
this  time,  and  become  suh«equently  aeparated  by  platen  of  bono  growing  between  ihero. 
i'and  (7,  processes  shooting  from  inner  margin  of  tympanic  bone,  longer  than  the 
Slime  processes  (Cand  />)  in  fig,  t.  //,  stylo-mastoid  hole,  /,  rudimentary  mastoid 
bone,  with  merely  a  trace  of  mastoid  prooeaa. 

Fig.  3.    Temporal  bone  a  Utile  more  advanced.    A,  C,  i?,  E^  F,  (7,  if,  /,  the 
as  in  preceding  figure.    The  processes  (Fand  <7)  of  the  tympanic  bone  have  approached 
near  to  oqe  another. 

Fig*  4,  Under  siurface  of  temporal  bone  (stiU  further  advanced)  with  part  of 
adjacent  hinder  edge  of  sphenoid.  A,  tympanic  bone;  its  processes  have  coalenoed, 
forming  part  of  the  floor  of  the  external  auditory  pussage,  enclosing  the  hole  B,  and 
shutting  it  off  from  the  external  auditory  foramen  {€),  The  hole  {B)  is  gradually  obli- 
terated by  the  growth  of  boms  at  its  edges,  and  the  osseous  floor  of  the  external 
auditory  passage  is  thus  completed.  The  jagged  external  border  of  the  united  pro- 
cessee  is  connectetl  with  the  cartilaginous  prolongation  of  the  auditory  pairaage.  D^  the 
mastoid  process  beginning  to  grow  out.  E,  the  foramen  ovale  of  the  sphenoid,  open 
behind. 

Fig.  5,  Parts  of  sphenoid  and  occipital  bones  from  foetus  at  sixth  month.  A,  tri* 
angoIajT  interval  between  bodies  of  sphenoid  (p.  171,  foot-note).  B^  lesser  alsa,  short 
and  thick.  C,  process  on  side  of  hinder  body  of  sphenoid,  to  which  great  alft  10 
•ubaequently  attached^  The  middle  of  the  body  is  concave,  and  presents  foramina  for 
vessels.  D,  optic  foramen.  E^  process  on  inner  side  of  lesser  ala,  which,  growings 
towards  middle  line  forms  the  groove  for  olfactory  nerve.  F,  body  of  occipital, 
concave  on  its  upper  surface,  with  foramina  for  vessels,  H,  neural  process  of  ocoi- 
pi  tab     /,  anterior  condyloid  foramen  (page  137). 

Fig.  6,  Vertical  section  from  before  backwards  through  body  of  sphenoid  of  a 
young  child,  showing  the  interval  left  in  the  middle  between  its  two  portions,  like  that 
between  the  component  parts  of  the  sacrum  and  of  the  axis.  A ,  posterior  clinoid  proceas, 
B^  olivary  process.  C,  groove  for  optic  commissure.  i>,  fore  part  projected  towardb 
sethmoid,  E^  part  from  which  azygos  process  grows.  F,  under  surface,  fr,  surface 
for  union  with  occipital,     (See  page  ^71.) 

Fig.  7.  Inner  side  of  superior  maxilla  at  buth*  A,  nasal  process.  B,  alveolus, 
Ct  orbits  edge,  D^  palatine  process.  E,  anterior  palatine  foramen,  iiviith  Essura 
running  up  from  it  on  inner  side  of  nasal  process,  marking  the  division  between  maxil- 
lary and  intermaxillary  bones.  F^  lachrymal  canal.  £?,  depression  on  inner  wall, 
indicating  the  commencement  of  antrum.     (See  page  ^85.) 
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it«  eoHUDctiotia  ^^  ^^T  cxtensivc  connections,  inasmuch  as  it  forms 
Mdoifloes.  pai^t  of  ^j^^  cranial,  the  ortital,  and  the  nasal  cavities, 
as  well  as  of  the  temporal,  zygomatic,  and  spheno-maxillary  fossae; 
it  is  also  united  to  all  the  bones  of  the  cranium,  and  to  five  of  those 
of  the  face,  viz,  the  two  palate,  the  two  malaPj  and  the  vomer*  It 
has  to  bear  the  weight  of  the  anterior  half  of  the  head  and  face, 
which  it  does  by  means  of  processes  radiating  in  various  directions 
from  its  centre.  Thus  the  frontal  bone  is  supported  upon  its  lesser 
and  upon  the  fore  part  of  its  greater  alae  j  the  summits  of  the  latter 
serve  as  pillars  to  the  anterior  inferior  angles  of  the  parietal  bones ; 
and  its  hinder  concave  edges  receive  and  cany  the  fore  parts  of 
the  temporal  bones,  its  spinous  processes  occupying  the  retiring 
angles  Ix^tvveen  the  squamouB  and  petrous  portions  of  those  bones. 
To  the  face  the  sphenoid  furnishes,  in  the  middle,  an  attachment 
to  the  vomer,  and  through  it  to  the  septum  nasi ;  its  pterygoid 
processes  descend  to  prop  the  palate  and  maxillary  bones;  and 
the  anterior  edges  of  its  great  al^e  are  united  witli  the  malar  bones. 
The  extension  of  the  great  alae  to  the  malar  bones,  shutting  off  the 
orbits  from  the  temporal  fossae,  and  contributing  so  largely  to  the 
hinder  and  outer  walls  of  the  orbits,  is  peculiar  to  the  hmnan  and 
quadrumanoua  skull,  and  lias  relation  t*:*  the  forward  position  of  the 
eyes  and  the  parallelism  of  the  optic  axes. 

nindAUon  The  sphenoid  gives  passage  to  the  optic  nerves  and 

loDerres.  ^^  ^j^^  several  motor  nerves  of  the  eyes,  and  is  especially 
related  to  the  fifth  pair  of  nerves,  for  it  transmits  all  the  several 
branches  of  that  great  nerve  through  its  foramina  laf^ra,  rotunda^ 
and  ovalia^.     This  relation  derives  interest  from  the  fact  that  the 


1  la  nuuij  of  ike  lower  AnimalB  the  foramen  ovate  ia  bleDded  with  the  forainca 
lAoemni  medium ;  in  soma  the  fonmen  rotmulum  is  blended  with  the  foramen  lactrum 
aaticnm ;  and  in  aome  the  foruniiu  ovmIIa  and  rotunda  are  so  close  together  as  to 
appear  like  one. 
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fifth  pair  of  ncnxs  supply  sensation  to  the  soft  parts  covering  all 
the  bones  which  are.  eupported  by  the  sphenoid :  thus  the  fore  part 
of  the  parietal  and  temporal,  and  the  whole  of  the  firontal,  the 
malar,  and  the  several  facial  honcB  are,  directly  or  indirectly,  borne 
upon  the  sphenoid ;  and  they  all  derive  their  nervous  supply  from 
the  branches  of  the  fifth,  transmitted  through  this  Ixjue, 

Situate  at  the  base,  the  sphenoid  connects  the  foremost  and  the 
hindmost  hones  of  the  skull,  transmitting  the  weight  of  the  anterior 
half  of  the  head  to  the  basilar  process  of  the  occipital  bone ;  and* 
stretched  across  the  base,  it  unites  the  parietals  of  the  two  sides, 
serving  as  a  clamp  to  prevent  their  separation.     For  this  purpose 
the  upper  extremities  of  its  great  alas  are  cut  obliquely  at  the 
expense  of  the  inner  table,  so  that  they  may  overlap  and  embrace 
the  anterior  inferior   angles   of  the   parietals.     Their  union  with 
the  temporals  has  already  been  described  (page  263).     The  frontal 
bone  is  borne  upon  the  broad  truncated  fore   part  of  the  upper 
extremities  of  the  great  alae,  while  the  orbital  plates  of  the  frontal 
bone  are   joined  to   the   boily  and    leaser  alas.       The    delicate 
extremities  of  the  lesser  al^  are,  for  about  half  an  inch  on  either 
side,  merely  placed  in  apposition  with  orbital  plates  of  the  frontal^ 
the  suture  being  of  the  kind  called  '^harmonia,"  without  any  ser- 
ration.    In  the  rest  of  their  extent,  where  there  is  more  thickness 
of  bone,  the  serration  is  quite  distinct^  and  the  edges  of  the  alae 
generally  overlap  those  of  the  orbital  plates  of  the  frontal.     Near 
to  the  aethmoid,  however,  the  projecting  angles  of  the  orbital  plates 
slightly  overlap  the  sphenoid ;  so  that  the  principle  of  alternation  in 
the  direction  of  the  overlapping  at  the  sutures,  which  is  so  marked 
in  other  instances,  is  carried  out  even  here. 

The  body  of  the  bone  is  of  large  size,  to  afford  suffi- 
cient space  for  the  attachment  of  its  various  processes. 
At  the  same  time,  to  lessen  the  weight  of  the  skull,  and  to  add  to 
the  resonance  of  the  voice,  it  is  hollowed  out  so  as  to  fonn  a  mere 
shell.  This  does  not  take  place  till  some  time  after  birth,  when 
the  face  is  increased  in  size,  and  when  the  growth  of  the  pter^^goid 
processes  and  the  vomer  downwards  and  forw^ards  is  carried  out, 
Bpheaoidia  ^^^  sphenoidal  simtsesy  so  formed  in  the  middle  of  the 
bone,  are  of  considerable  size;  but,  like  the  other  sinuses 
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appended  to  the  nose,  they  vary  a  good  deal  in  this  respect,  and 
are  cominnnly  imsymmetricaL  After  the  osseous  union  of  the 
sphenoid  with  the  occipital  they  are  sometimes  extended  back- 
wards into  the  basilar  process  of  the  latter,  and  may  reach  nearly 
to  the  foramen  ma^um.  They  are  separated,  often  completely, 
by  a  bony  plate,  which  commonly  l>ends  a  little  to  one  Bide  of  the 
median  line,  and  wliicli  is  prolonged  forwards  into  the  ozygos 
jyroces»,  Tliey  may  be  further  more  or  less  subdivided  by  imper- 
fect partitions  projecting  into  them.  They  are  not  un frequently 
involved  in  fracture  at  the  base  of  the  skull ;  and  are  one  source 
of  the  bleeding  into  the  nose  and  pharynx,  which  is  a  common 
attendant  on  that  accident  (page  203). 

The  elinoid  processes  are  outgrowths  from  the  hinder  surface  of 
the  sphenoid  body;  and  serve  partly  for  the  purpose  of  deepening 
the  "pituitary  fossa*,"  and  partly  for  the  attachment  of  the  pro- 
longations of  the  tentorium.  They  correspond  with  certain  other 
processes  in  the  interior  of  the  skull,  which  give  attachment  to 
the  dura  mater;  such  as  the  "crista  galli"  of  the  sethmoid,  and 
the  ridges  on  the  interior  of  the  frontal,  parietid,  and  occipital 
bones.  The  extremities  of  the  tentorium  which  run  from  the 
posterior  to  tlie  anterior  elinoid  processes  are  sometimes  replaced 


^  The  "  {pityltfy-y  gland"  ia  very  constant  in  vertebrata;  and  tn  fifiliea  it  bas  a 
greater  proportionate  aiste  than  in  others,  tbough  not  provided  with  a  spma)  "sella," 
It  ia  connected  above  with  the  infundibular  process  from  tbo  third  ventricle,  and 
may  have  some  reUtion  to  the  passage  of  the  oeaophagus  through  the  corresponding 
part  of  the  nervouB  ceatres  in  invertebrata.  "  Is  tbiii  vertical  alit,"  caused  by  "tJie 
vertical  prolongation  of  the  third  ventricle  through  an  interspace  produced  by  the 
diTirication  of  the  main  lateral  columns  of  the  encephalon/'  "  homologous  with  the 
enoephalic  ring  perforated  by  the  oiaopliagua  in  invertebrata  !'*  Owen*a  Lecture*  on 
Comparative  AncUomy,  ii,  i8i.  The  "pineal  gland**  b  a  mctnbrano-raficular  growth 
from  the  apper  part  of  the  third  ventricle,  corresponding  with  the  pituitary  gland ; 
and,  like  it,  is  a  constant  appendage  to  the  brain  of  fiaheSj  is  of  far  greater  proper* 
tionato  else  in  them  iban  in  mammals,  and  may  have  some  relatioii  to  the  diaposttaon 
of  the  cEsophapna  in  invertebrata.  It  is  interesting  to  observe,  in  connection  with 
the  comparison  thus  suggested  between  these  parts  and  the  anatomy  of  invertebrata, 
that  the  union  between  the  two  parts  in  whiisii  the  body  of  the  spheuoid  is  formed  ^ 
takee  place  last  juat  beneath  the  infundihulum ;  and  an  interval^  traverBing  the  hone 
from  above  downwards,  remains  for  some  time  between  the  two  portions.  PI.  XVI. 
fig-  5  A.  page  i68. 
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Width  of  th« 
body  of  the 
spbeDoldt  and 
Its  connec- 
tion a  with 
other  boaes. 


by  bone ;    they  contribute   to  the   strength   of  tlic   body   of  tlie 
sphenoid. 

The  width  of  the  botly  of  tlie  sphenoid  13  propor- 
tionate to  the  ^^dth  of  the  sethmoid  bone  and  to  the 
interval  between  the  orbits.  It  is  greater,  therefore,  in 
man  than  in  the  lower  animals.  In  many  of  the  latter 
indeed— in  rodents  and  others — the  body  is  veiy  narrow, 
and  the  optie  foramina,  which  in  man  are  separated  by  along  trans- 
verse groove  whereon  lies  the  optic  commisHnre,  are  blended  to- 
gether ^  It  terminatea  posteriorly  a  little  behind  the  level  of  the 
hinder  edges  of  the  great  ala3  and  the  pterygoid  processes.  The 
hiTider  surface  is  uneven ,  like  that  on  the  jugiihir  process  of  the 
temporal,  and,  is  till  middle  age,  joined  to  the  basilar  portion  of 
the  occipital  by  cartilage.  Ossification  of  the  intervening  airtilage 
begins  at  the  upper  part  and  travels  downwards,  cementing  the 
tTiVTj  bones;  so  that,  after  a  certain  period,  the  line  of  tltcir  union 
can  scarcely  be  distinguished,  or  is  only  indicated  by  a  faintljr 
nodulated  ridge  extending  transversely  across  the  cranial  surface 
a  little  behind  the  posterior  clinoid  processes.  The  anterior  and 
upper  surface  of  the  body  of  the  sphenoid  is  prolonged  forwards 
into  a  thin  conical  plate  which  reaches  the  hinder  retiring  edge 
of  the  cribriform  plate  of  the  aitbmoid.  It  is  overlapped  a  little 
by  the  angles  of  the  orbital  plates  of  the  frontal  bone.  Some- 
times there  are  one  or  more  separate  nuclei,  or  wormian  bones 
developed  here,  which  may  appear  to  belong  either  to  the  sphenoid, 
the  fronta.1,  or  the  cribriform  plate  of  the  aithmoid  bone. 

The  sphenoid,  in  reality,  consists  of  two  bones,  an 
anterior  and  a  posterior,  w^hich  miite  together  about  the 
situation  of  the  olivary  tubercle,  near  the  time  of  birth*.  Each  of 
these  is  developed  in  three  divisions  from  three  or  more  nuclei. 


BeveJopiueiiL 


^  In  some  monoptic  hunLaQ  monatera  there  ia  only  ooe  optic  liole  which  ia  in  the 
medum  line. 

*  These  remain  aepftnte  in  some  quadmnumaj  ajid  in  many  other  animals  j  and 
in  the  bu.naiui  aiknli  a  more  or  less  diatincb  fiMure  dcK];aaionjmy  extends  obliquely  ia- 
warda  and  forwards  from  the  root  of  the  anterior  clinoid  proodisa,  on  either  Bide^ 
indicating  the  line  of  union  of  the  two  bonec 
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One  in  the  midflle  line  for  the  body,  which  appears,  shortlj  after 
thiit  for  the  basilar  process  of  tlie  occiintal  bone,  in  the  cartilage 
farming  the  base  of  the  primitive  cranium.  Previously  to  the 
appearance  of  these,  in  the  third  month,  ossification  begins  in  the 
great  alae,  and  is  soon  followed  by  nuclei,  on  the  outer  side  of 
the  optic  foramina,  for  the  lesser  ala? ;  and,  near  the  same  time, 
the  internal  pterj'goid  processes  are  developed  from  separate  nuclei. 
There  are  thus  ten  centres  for  this  bone,  which  all  become  united 
into  one  about  the  time  of  birth. 

The  following  account  of  the  development  of  the  sphenoid  is 
given  by  MeckeP : 

Ossification  takes  place  in  it  later  than  in  any  of  the  cranial  boneSy 
except  the  aethmoiti  It  is  first  observed,  during  the  tliii^d  mouth,  in  eadi 
great  ala,  near  the  foramen  rotundum,  and  extends  outwards  Into  the  ala 
and  downwards  into  the  external  pterygoid  process.  Soon  an  independent 
point  appears  in  the  internal  pter}'^gr>id  process,  and  another  in  the  lesser 
ala  on  the  outer  side  of  the  optic  foramen.  So  that  at  the  end  of  the 
third  month  there  are  six  centres  of  ossification.  The  external  pterygoid 
process  is  an  outgrowth  from  the  great  ala.  In  the  fourth  month  a 
nucleus  appears  in  the  hinder  part  of  the  body,  on  either  side  of  the 
middle  line :  these  soon  become  nnited  into  one  median  nuclena  j  and,  on 
each  aide  another  ossifying  point  is  added,  nearly  over  the  internal  ptery- 
goid process.  In  the  sixth  month  a  si^parate  nucleus  forms  in  the  lesser 
aJa,  on  the  inner  side  of  the  optic  hole.  In  the  seventh  month  two  other 
osdfying  points  are  added  in  the  fore  part  of  the  "body,  between  the 
central  nucleus  and  the  inner  ends  of  the  lesser  alae.  The  bone  now 
presents  a  greater  number  of  nuclei  than  at  any  other  time;  namely, 
five  for  the  body,  four  for  the  great  alie  and  internal  pterygoid  processes, 
and  four  for  the  lesser  aliE.  From  this  time  the  number  is  diminished 
by  their  union  with  one  another.  During  the  seventh  month  the  three 
hinder  nuclei  in  the  body  unite  into  one;  and  the  two  anterior  do 
so  likewise.  During  the  eighth  month  the  two  remaining  nuclei  of  the 
body  become  imited,  the  great  abe  are  joined  to  the  pterygoid  processes, 
and  the  two  nuclei  of  each  lesser  ala  also  become  imited.  So  that  the 
number  of  centres  is  now  reduced  to  five.  The  lesser  alse  next  iinite 
with  the  body.     This  is  the  stage  at  which  it  has  commonly  arrived  at 
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birth.  The  bone  at  that  time,  therefore,  consists  of  three  portions,  riz, 
the  body  united  with  the  lesser  alae  forming  one,  and  the  great  ala  and 
pterygoid  process  forming  another  on  either  aide.  The  union  of  these 
remaining  parts  is  completed  soon  after  birth.  The  cormm  are  developed 
Btibsequeiitly,  If  we  take  theni  into  account  the  bone  is  formed  from 
fifteen  separate  centres  of  ossification  ^ 

The  SphsTimJul  comua  were  first  described  by  Bertin*. 
They  appear  in  the  thii'd  year  as  delicate  osseous  lamixLaSy 
which  become  curled  as  they  gr<3w,  so  as  to  present  a  concave  surfe.oe  to- 
wards the  sphenoidal  sinuses.  Thus  they  increase  the  si^e  of  those  cavities 
and  form  part  of  their  anterior  walL  At  the  same  time  the  margins  of 
the  cornna  become  more  closely  applied  t-o  the  circumference  of  the 
sinuses,  and  about  the  tenth  or  twelfth  year  are  united  with  it.  Tlie 
line  of  their  union  may  be  distinguished  long  after.  They  sometimes 
become  united  with  the  lethmoid  rather  than  with  the  sphenoid,  and 
when  the  bones  are  separated  remain  attached  to  the  former. 

The  sphenoid  is  not  often  the  seat  of  disease.  Portal'  found  it 
carious  in  some  children  who  died  of  sraall-jjox-  It  is  often  involved  in 
fracture  at  the  base  (p,  204) ;  and  the  sphenoidal  sinus  has  been  per- 
forated by  the  end  of  a  cane  which  passed  through  the  nose  into  the  skoU^ 
breaking  off  and  carrying  before  it  the  posterior  dinoid  process** 
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THE  -^ETHMOID   BONE,    (PL  XIII.  and  XV,) 

like  the  frontal  and  the  sphenoid,  contributes  to  the 
formation  of  the  cranial  cavity,  the  orbits,  and  tlve  nasal 
fosssB.  It  furnishes  a  good  illustration  of  the  manner  in 
which  the  bones  of  the  skull  are  made  to  combine  together 


'  Boclard  assigtiB  somewhat  earlier  pflricMia  for  tho  appearance  of  the  aeveral  Qudei  ; 
that  for  the  great  ahe  from  the  45th  to  the  50th  day ;  for  the  hinder  part  of  body  from 
the  50th  to  the  6oth  day ;  for  the  fore  part  of  the  body  from  the  6Lh  to  the  7th  mouth  ; 
the  7th  month  for  the  comua.  Blandin,  Anatomies  I.  9'4,  says  the  nmnber  of  nuclei 
deacribed  by  Meckel,  as  contributing  to  form  the  body  are  altogether  exceptional; 
there  being  u§ually  only  one  in  th«  fore  and  one  in  the  hinder  part.  Mr  Ward, 
Ifuman  Osimloff^,  p.  47^  has  Been  a  wonnian  bone  in  the  Leiaer  wing  and  four  m 
the  suture  hetween  the  sphenoid  and  ^ethmoid  t>ones. 

^  Mifnoh'U  de  i'Acadtrnie  Roifaf^  d^s  SclencUf  1744. 

*  A  not.  Med,  Tom.  i,  p.  138. 

*  Dublin  Jounutlt  185 1,  p.  347. 
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to  cover  in  these  c ay i ties ;  so  that  each  of  the  cavities  is  walled  in 
by  portions  of  several  bones,  instead  of  being  formed  by  one  or  two. 
Tliua  the  Eethmoid  forms  a  small  part  of  the  brain-case,  a  part  of 
the  orbit,  and  a  part  of  the  nose;  it  assists,  moreover,  to  close 
each  of  tlie  three  facial  or  nasal  sinuses  (the  frontal,  sphenoidal, 
and  maxillary).  So,  on  the  other  hand,  the  sethmoidal  celk  are 
not,  in  any  one  direction^  completely  closed  by  the  wall  of  the 
bone  itself,  but  are  indebted,  for  a  part  of  their  parietes,  to  contri- 
butions from  aD,  or  most  of,  the  surrounding  bones;  they  are  closed 
above  by  the  frontal,  behind  by  the  splienoid  the  sphenoidal 
comua,  and  the  palate,  on  the  sides  by  the  ossa  unguis,  in  front  by 
the  nasal,  and  below  by  the  superior  maxillary. 

The  lateral  masses,  which  make  up  the  chief  parts  of  the  ffith- 
moid,  are  formed  of  two  plates,  an  outer  presenting  in  the  orbit  and 
called  the  os  planum^^  and  an  inner  descending  from  the  cribriform 
plate,  parallel  with  the  septum,  and  terminating  below  in  the 
superior  turbinate  bone.  These  two  are  connected  by  delicate, 
vertical,  slightly  cur\'ed  plates,  which  pass  across  and  divide  the 
jEthmoidja  intermediate  space  into  a  series  of  cavities  or  cdhy 
^^^  generally  seven  in  number,  placed  in  front  of  one  an- 

other. These  cells  are  of  square  or  oblong  shape,  and  vary  in 
size  and  number,  according  to  the  more  or  less  incooiplete  forma- 
tion of  the  delicate  plates  which  separate  them.  They  are  closed 
above  by  the  frontal  bone,  and  the  foremost  communicate  with 
the  frontal  sinuses.  They  increase  in  size  from  before  back- 
wards, according  to  the  increasing  width  of  the  a^thmoid,  are 
quite  separate  from  one  another  in  the  perfect  bone,  and  have, 
at  the  inner  and  lower  part,  separate  openings  into  the  nasal 
meatiu?.  The  three  hinder  and  larger  cells  open  into  the  superior 
meatus.  The  four  anterior  and  smaller  open  into  tlie  middle 
meatus  by  a  passage  of  considerable  size,  which  is  common  to 
them  with  the  frontal  sinus.  Currents  of  air  must  be  continually 
passing  to  and  fro  between  the  cells  and  the  nasal  meatus^;  thus 
they  may  contribute,  in  some  way,  to  promote  the  sense  of  smell. 


^  In  Bome  QuAdromAiiJi  and  Id  most  Cunivora  the  Bthmoid  does  not  enter  into  £be 
formation  of  the  orbit  at  all,  hut  «  quite  enclosed  liciwecn  the  frontal  aod  p«]ft(e- 
bonefi  which  tinite  together,  so  that  the  on  plannm  docs  not  exist. 
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But  the  influence  of  the  tetlimoidal  cells  in  aiding  the  olfactory 
organ  cannot  be  very  great,  and  mimt  be  quite  aecondary  to  their 
ufie  in  lessening  the  weight  of  the  fore  part  of  the  skulls  The 
osseous  plates  bounding  the  cells  are  very  thin,  so  thin  that  they 
derive  their  nutritions  supply  from  the  vessels  ramiiying  on  their 
exterior,  and  have  no  need  of  haversian  canals  in  their  substancei?. 
Tiirbiafcto  ^^^  ttirbinate  hojim  which  form  the  inner  part  of  the 

**"''**°°^  lateral  masses,  and  upon  which  the  olfactory  nerve  is 
chiefly  distributedj  are  very  simple  in  comparison  with  their  more 
complex,  involuted,  and  plicated  forms  in  many  animals.  In  the 
Seal,  for  instance,  they  subdivide  into  a  multitude  of  plates,  like 
the  leaves  of  a  book,  affording,  it  has  been  computed,  a  surface  of 
120  square  inches  in  each  nostril.  In  man  they  are  merely  curled 
plates,  forming  about  a  half  or  tWo-thirds  of  a  circle,  vnth  slight 
transverse  ridges  and  a  few  large  channels  in  their  concavities  to 
strengthen  them  and  carry  blood-vessels.  Their  convex  surfaces 
are  more  channelled  and  spongy  for  the  distribution  of  vessels, 
particularly  the  inferior  and  anterior  sxirfaces  of  the  lower  one-s, 
which  are  flattened  and  slanted  a  little  upwards  to  catcli  the  inspired 
current  of  air.  Here  the  finer  branches  of  the  olfactory  nerves 
ramify  in  the  schneiderian  membrane,  and  here  (as  stated  at  p,  219) 
it  seems  that  the  sense  of  smell  is  most  acute.  A  third  a^thmoidal 
turbinate  bone,  situated  above  the  others,  has  been  occasionally 
found  on  either  side^. 

Perpeadicui^r  T\ie  perpendicuhr  plate  is  thin  in  the  middle,  and  is 

pUt*.  generally  inclined  a  little  to  one  side.    It  varies  in  size*. 

Above  it  is  grooved  on  either  side  by  channels  for  the  descending 
olfactoiy  nervTS.  Behind,  its  smooth  edge  is  applied  against  the 
anterior  median  lamina  of  the  sphenoid,  and  is  united  to  it  by 
*'hannonia;*'  it  presents  l>elow  a  notch  for  the  reception  of  the 


^  This  is  in  oec^trdancc  with  the  fact  thiit  their  size  in  the  various  akylls  of  man 
And  animals  oorresponde,  not  with  the  acuteneRS  of  th©  s^nae  of  Btnell,  but,  like  the 
cavity  in  the  body  of  the  sphenoid,  with  the  width  of  the  eepttttn  l>etween  thi?  orbita, 
and  the  more  or  less  vertical  directioTi  of  the  face. 

*  Hildebnnidt*s  Jwatomi*,  u,  86* 

■  Mr  Ward  {(kUoloffyf  p.  133)  has  seen  it  extend  a  quarter  of  an  inch  beyond  tbe 
nasal  honet  luid  articuUted  with  the  -whole  length  of  the  vomer. 
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azygos  process  of  that  1>one  (PI,  XIII.  fig.  1,  C),  Below,  there  is 
a  rough  edge  or  groove  for  union  with  the  vomer.  Li  front,  its 
sloping  edge  is  thick  and  rough  for  junction  with  tlie  cartilage  of 
the  Beptum  nasi.  Its  anterior  extremity  is  prolonged  forwards, 
beneath  the  frontal  sinuses,  to  the  suture  of  the  nasal  bones  along 
which  it  is  applied  nearly  to  their  lower  edge  (PI.  XIII.  fig.  1,  /). 
criiirifom  ^^^^  foramina  of  the  crtbrtjhrm  plaU^  about  forty  in 

p**^  all,  are  disposed  in  three  rows  on  either  side.     The  in- 

nermost and  largest,  though  least  numerous,  are  close  to  the  crista 
ffallL  They  transmit  the  olfactory  nerves  and  vessels  to  the  mu- 
cous membrane  covering  the  perpendicular  plate ;  and  the  foremost 
of  them,  which  is  slit*Uke  and  longer  than  the  others,  gives  passage 
to  the  naso-lobular  branch  of  the  fifth  pair  of  nerves.  The  fora- 
mina of  the  outer  row  transmit  the  olfactory  nerves  to  the  turbinate 
bones;  and  those  of  the  middle  row,  which  are  the  smallest,  trans* 
mit  fine  nervous  filaments  and  vessels  to  the  under  surface  of  the 
cribriform  plate  forming  the  roof  of  the  nose.  In  some  monsters 
(anencephalous  and  others)  the  cribriform  plate  is  imperforate,  or 
is  peribnited  by  only  one  or  two  large  holes  through  which  the 
water  has  been  known  to  burst  from  the  cranial  cavity.  It  is 
occasionally  the  seat  of  caries,  causing  disease  of  the  dura  mater 
and  brain  ^,  and  it  has  become  perforated  by  ulceration  so  as  to 
allow  pus  and  other  fluids  to  percolate  from  the  cavity 
of  the  skull^.  The  Crista  GaUi,  which  rises  along  its 
middle,  forming  a  continuation  of  the  perpendicular  plate,  serves, 
like  the  clinoid  processes  of  the  splienoid,  for  the  attachment  of  the 
falx — one  of  the  processes  of  the  dura  mater.  It  is  commonly 
inclined  a  little  to  one  side,  usually  the  opposite  to  that  towards 
which  the  lower  part  of  the  perpendicular  plate  is  bent.  It  is  let 
into  the  frontal  bone,  and  forms  a  buttress  supporting  the  hinder 
wall  of  the  frontal  sinuses.  It  contributes  aUo  to  form  part  of  the 
boundary  of  the  sinuses ;  and,  by  the  excavation  on  its  fore  part, 
adds  a  little  to  their  size.  It  is  said,  in  one  case,  to  have  been 
beaten  upwards  into  the  brain  by  a  blow  upon  the  nose,  which 


^  Abercrombie,  Dueaaea  of  the  Brain,  p.  59. 
*  Otto*»  Path,  AnaLbj  South,  p.  176. 


278 


THE  SKULL. 


broke  the  nasal  tones'.  The  orbital  plates  of  the  frontal  bone 
overlap  the  sides  of  the  mthmoid  closing  and  extending  the  aetli- 
moid  ccIIb  ;  and,  rising  np  on  either  side,  they  deepen  the  furrows 
upon  the  crihriforra  plate,  which  lodge  the  olfactory  nerves.  The 
corresponding  part  in  the  skull  of  some  animals  is,  by  the  greater 
proniinence  of  the  frontal  margins,  converted  into  a  separate  an- 
terior chamber  of  the  skull. 

The  tethmoid  is  later  in  its^  ossification  than  any 
other  of  the  cranial  bones,  being  cartilaginous  till  the 
middle  of  intra-nterine  life.  'About  that  time  an  ossific  nucleus 
appears  in  tlie  upper  part  of  each  of  the  lateral  masses,  near  the 
orbital  plate.  Just  before  birth  a  centre  appears  in  each  of  the 
spongy  bonea ;  and  soon  after  birth,  from  the  sixth  to  the  twelfth 
month,  ossification  takes  place  in  the  cribriform  portion  and  the 
crista  galli.  The  j>erpendicular  plate  next  ossifies,  and  the  several 
parts  coalesce.  But  the  cells  are  not  formed  till  a  subsequent 
period^,  "l>uring  infancy  the  cribriform  plate  becomes  narrowed, 
eun^ed,  and  as  it  were  compressed;  the  nasal  lamella  advances  for- 
wards; and  the  spaces  between  the  septum  and  the  outer  walls  are 
considerably  increased*." 


THE  SUPERIOR  MAXILLARY  BONE,    (PI  XIII,  and  XV.) 


on  each  side,  forms  part  of  the  nasal  fossoe,  of  the  orbit  and  of  the 
mouth,  of  the  lachrymal^  anterior  and  poaterior  palatine  canak,  and 
of  the  zygomatic,  spheno-  and  pterygo-maxillary  fossre.  It  assists 
also  to  close  the  a^thmoidal,  and,  in  some  instances,  the  frontal, 
sinuses.  It  is  placed  nearly  in  the  same  vertical  plane  with  the 
forehead,  instead  of  being  protruded  considerably  in  front  of  it,  as 
it  is  in  all  the  lower  animals,  where  the  jaws  are  required  to  serve 
as  organs  of  prehension  as  well  as  of  mastication.  In  order  to  give 
sufficient  dimensions  to  the  alveolar  arch,  and  sufficient  space  to 
the   several  cavities  which  it  contributes   to  form,  the  bone  is  of 


^  Monro's  Eltmenti  of  Anatomy,  r.  i6i. 
*  Boclard  in  Meckd'a  Arcfiiv,  VL  4^6, 
■  Cifdopedia  of  Anatomif, 
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considerable  size ;  and  in  order  to  reduce  the  weight  its  middle  is 
hollowed  out  into  a  large  cavity. 

The  Antrum — the  name  given  to  the  cavity  thus 

formed — i&  the  largest  of  the  facial  sinuses,  and,  like 
the  others,  coraniunicatea  with  the  nasal  fossae,  and  contrilmtcs  to 
the  modulation  of  the  voice.  Its  shape  is  irregular,  and  its  walls 
are,  for  the  most  part,  thin.  A  transverse  section  shows  it  to  be 
wider  above  than  below,  where  its  walls  become  tliicker  and  con- 
verge to  the  alveolar  processes  (PL  XV,  fig.  3).  Its  interior  is 
smooth,  with  the  exception  of  a  few  ridges  and  channels  which 
serve  to  strengthen  its  walls,  while  they  transmit  the  branches  of 
the  infra-orbital  nerve  and  artery  to  the  teeth.  The  membrane 
which  lines  it,  and  which  resembles  that  lining  other  parts  of  the 

nasal  fosste,  consists  of  a  fibrous  periosteum  and  a 
iitionofiui       mucous  membrane  united  together  by  a  fine  layer  of 

areolar  tissue ;  it  is  easily  detached.  The  great  ragged 
hole  in  the  flat  inner  wall  is  nearer  to  the  roof  than  the  floor  of 
the  cavity,  and  opens  into  the  middle  meatus  narium  on  a  level  with 
the  lower  edge  of  the  middle  spongy  bone.  This  hole  is  very  much 
contracted  by  the  encroachments  of  the  sethmoid,  palate,  inferior 
spongy  and  lachrymal  bones,  so  that  fluids  accumulated  in  the  cavity 
do  not  easily  escape,  unless  the  head  be  placed  quite  on  the  side. 
It  is,  however,  only  in  morbid  states  that  such  accumulations  take 
place ;  for  there  are  not  many  glands  in  the  lining  membrane  of  the 
antrum V,  and  the  slight  simple  secretion  from  its  surface  is  either 
carried  off  by  evaporation,  or  is  wafted  by  its  ciliated  epithelium 
towards  the  orifice.  In  the  recent  state  the  sclmeiderian  raembrane 
still  further  diminislies  the  size  of  the  opening,  placing  it  quite 
under  cover  of  the  middle  spongy  bone,  and  is  so  disposed  as  to 
give  it  an  oblique  direction  backwards  from  the  antrum,  whereby 


*  The  pre«ieDce  of  gknds  in  the  interior  of  ihc  aDtrum  hat  oomnionlj  hevn  denied* 
They  are,  however,  riescnbed  by  Prof.  Ltiachka  (Vircbow's  ArdUv,  vm.  4-21)  to  exist 
in  the  ftbrouB  or  perioBtea.!  sheet  of  the  metnbrjine,  and  to  oonsiat  of  brtuiching  tubes, 
which  Hometimea  beootno  cUlAted  and  give  me  to  the  tmalt  cysts  cjccMiooally  found 
projecting  into  the  ;uitraiii ;  these  are  to  be  distiugiiUhed  from  the  polypi  thttt  rogult 
from  hypertrophy  of  the  membnine  itielf. 
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the  entrance  of  cold  air  and  foreign  bodies  from  the  external  meat 
narium  is  prevented.  « 

Being  formed  hy  the  gradual  extension  outwards  offl| 
a  depression,  which  may  be  seen  at  birth  in  the  situation 
of  this  opening  (PL  XVI.  fig.  7,  ff),  the  antrum  has  a  wall  of  it^ 
o\%Ti,  distinct  from  the  exterior  fliiell  of  the  bone.    The  infra-orbital^^ 
canal  ia  situated  between  the  two  (PI,  XV*  fig.  3,  A) ;  and  so  arflr^| 
the  canals  transmitting  tlie  several  dental  nerves  from  the  slit-like 
openings  on  the   hinder   surface  of  the   maxilla  to  the    alveolar 
sockets.     Some  of  tliese  canals  may  \ye  traced  romid  the  exterior      i 
of  the  antrum  on  their  way  to  the  bicaspid  and  canine  teeth.  H 

luiiiiWiltf  to  Unlike  the  other  nasal  sinuses  the  antrum  is  fi^uently 

*'■'»««•  the  seat  of  disease,  depending  partly  upon  its  contiguity  to 

the  inferior  spongy  bone,  the  mucous  membrane  of  which  is  often  in 
a  state  of  inflammation,  ajid  still  more  upon  the  proximity  of  the  teeth. 
Wlien  it  is  distended  by  a  collection  of  purulent  or  other  fluids  the 
anterior  wall  generally  yields  first,  just  under  the  infra-orbital  bole, 
between  it  and  the  bicuspid  teeth.  The  bone  is  thin  here,  and  becoming 
thinner  in  oonaequenoe  of  the  pressure,  an  opening  may  be  easily  made 
tbrough  it  to  give  vent  to  the  accumalations.  If  the  disease  be  long 
continued,  and  especially  if  solid  growths  occupy  the  antrum,  the  walls 
become  stretched  in  every  direction,  encroaching  upon  the  orbits  the 
nose  and  the  mouth,  as  well  as  protruding  the  cheek  The  hinder  wall^ 
which  is  in  contact  with  the  palate-bone,  is  veiy  thin,  and  m  liable  to 
give  way  and  remain  behind  in  the  ojjemtion  fur  the  removal  of  the 
upper  jaw,  particularly  when  it  is  the  seat  of  malignant  diaeaae. 

The  Alveolar  processes^  continued  round  from  one 
maxillary  bone  to  the  other,  form  a  horse-shoe  arch  ; 
the  transverse  diameter  of  which,  being  greater  in  proportion  to 
its  length  from  before  backwards,  causes  a  corresponding  ividth  of 
the  palate,  and  is  peculiar  to  the  human  skulL  In  the  Negro 
this  arch  is  more  prolonged  anteriorly  and  more  compressed  at  the 
sides  than  in  the  European.  Other  differences  may  also  be  ob- 
served.  Thus,  in  the  European,  the  incisive  alveolar  processes  and 
teeth  are  nearly  vertical,  with  only  a  slight  slant  forwards;  and 
the  molar  alveoli  and  teeth  slant  a  little  outwards.  In  the  Negro 
the  anterior  teeth  and  their  sockets  are  directed  much  more  ob* 


Alveolar  pro- 
ce»s. 
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Uquely  forwards;  whereas  the  molar  teeth  are  vertical  or  incline 
a  little  inwards.  Again,  if  we  take  a  profile  view,  we  shall  find 
that  in  the  NegTO,  not  only  is  the  alveolar  process  prolonged  further 
forwards  than  in  the  European,  but  its  edge  is  more  curved  with 
the  convexity  downwards,  the  middle  sockets  on  each  side  being 
in  a  lower  plane  than  those  in  front  and  behind.  This  curve  is 
more  marked  in  tlie  teeth  than  in  the  alveoli,  and  is  sharpest  in 
the  situation  of  the  bicuspid  teeth. 

The  alveoli  are  of  spongy  straetiure  to  prevent  their  being 
chipped  by  the  pressure  of  the  teeth,  and  to  permit  a  close  and 
vascular  connection  with  the  gums.  The  quantity  of  fibrous  and 
vascular  tissue  which  is  interwoven  with  the  bone  renders  the  latter 
liable  to  be  involved  in  fibrous  and  fibro-vaacular  tumours  called 
**  epulis,"  and  in  nlceration  arising  from  mercuiy  and  otlier  causes. 
The  hardest  work  in  mastication  is  done  by  the  second  molars: 
^ese  are  accordingly  the  largest  teeth  and  have  the  best  developed 
&nga  (two  on  tlie  outer  and  one  on  the  inner  side) ;  and  the 
alveolus  is  thick  here,  and  is  strengthened  by  a  ridge  ascending 
from  it  to  the  malar  process  and  the  malar  bone.  The  ends  of  the 
molar  fangs  lie  close  beneath  the  antrum  and  sometimes  penetrate 
it  in  the  dr}-^  bone ;  so  that  disease  may  readily  be.  communicated 
from  them  to  its  lining  membrane,  and  the  cavity  is  easily  opened 
from  their  sockets.  The  incisive  and  canine  alveoli,  which  lie  in 
front  of  the  antrum,  are  placed  beneath  an  expansion  of  the  nasal 
process. 

The  maxillary  bone  is  held  in  its  place,  behind,  by  the  ptery- 
goid processes  of  the  sphenoid,  through  the  medium  of  the  palate- 
bone,  which  is  adapted  to  its  convejc  posterior  edge ;  above,  by  the 
OS  planum  of  the  ^ethmoid,  and  by  the  junction  of  the  nasal  process 
with  the  frontal,  also  by  the  frontal  through  the  medium  of  the  malar 
bone;  and,  internally,  by  the  maxillary  bone  of  the  opposite  side. 
The  Nasal  process  presents  a  wavy  outline  from  above 
downwards,  and  in  projected  forw^ards,  at  the  middle  and 
along  the  upper  part,  into  a  sharp  edge  which  supports  the  nasal 
cartilages  and  bones  and  contributes  to  throw  out  the  *'  bridge  of 
the  nose."  Behind,  it  is  channelled  to  assist  in  fonning  the  lachry- 
mal caual,  which  descends  nearly  vertically  along  it  to  the  inferior 
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meatns  of  the  nose.     When   the  nasal  or  lachrj^mal    bonea 
small  these  processes  are  enlarged  to  supply  tlie  deficiency*, 
most  Graminivora,  and  in  many  other  animals,  the  nasal  procesi 
are  stintted  to  make  room  for  the  large  lachrymal  bones,  and  do 

consequently  reach  the  frontal  bone, 
piimtineiw-  *^^^  Palatine  process  stretches  transversely  inwazi 

***•  to  the  median  line^  and  is  united  with  that  of  the  opp 

site  side  by  a  suture,  the  teetli  of  which  are  linear.    Tbe 
edges  of  the  two  bones  are   thro\ni   upwards  into  a  sharp   crel 
(PL  XV,  fig,  1,  D)    with   an  undulating  edge,  upon   which 
vomer  re^ts*    The  continuation  of  this  crest  in  front,  formed  by 
intermaxillary  portions  of  the  jaw-bones,  is  very  prominent  a: 
st^ut  {E,  K).     It  receives   the  anterior  extremity  of  the    vom< 
and  contributes  with   the  upper  edge  of  that  bone  to  the    sni 
port  of  the  septal  cartilage  of  the   nose*.     On  it^  upper  surfi 
the  palatine  process  h  concave,  emootii,  and  covered  by  the  ev< 
closely  applied  schneiderian  membrane,  so  as  to  facilitate  the 
sage  of  air  to  and  fro.    It  is  also  higher  in  front  than  behind 
direct  the  secretions  of  the  nostrils  and  the  tears  back  towards 
pharynx.     On  it^  under  surface  it  is  rougher  and  more  porous  ti 
give  secure  attachment  to  the  thick  fibrous  and  vascular  soft  palate! 
Abscesses  are  apt  to  form  in  this  sitaation,  and  I  have   knowfl 
alarming  hfemorrhage  follow  incisions  made  to  open  them.     Thi 
hinder  edge  is  cut  oblifj^uely  so  that  the  anterior  edge  of  the  palatal 
bone,  cut  in  a  corresponding  manner,  may  rest  upon  it.     (PL  XVj 
fig.  1,  L,  and  PL  XDI.  fig.  2,  E.)  ] 

iHrectioaofiu         ^^^  scvcral  surfaccs  for  contact  with  other  bone^ 
mimvM,  j^i-g  cut  so  as  to  enable  the  maxilla  to  resist  the  pressur^ 

of  the  lower  jaw  ;  and  the  rough  surface  upon  the  malar  process  foi 
union  with  the  malar, bone  is  no  exception  to  this.  The  serra^  upon 
it  are  directed  upwards  and  backwards,  and  its  anterior  edge  proJ 
jccts  forwards  and  outwards,  so  as  to  rise  up  a  little  in  front  o] 
the  anterior  edge  of  the  malar  lx>ne. 


ront  ol 


*  The  part  of  the  na«&l  prooeas  which  flurrotrndii  the  bvchryroal  sac  fiomet4mefl  ' 
a  particular  bone."     Otto  a  PcUL  AnaL  by  South,  p.  179. 

'  In  &omo  birds  this  process  extends  up  tm  high  as  the  uaaal  boDcs,  &ud  is  received^ 
between  them* 
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The  Orhital  surface,  is  ver)'  smooth.  It  slants  do\^Ti- 
wards  and  outwards  towards  the  spheno-maxillary  fis- 
sure and  the  malar  bone,  so  that  the  lower  and  outer  comer  of  the 
orhit  is  further  removed  from  the  eyeball  than  any  other  part ;  and 
the  interspace  betw^een  it  and  the  eye  is  occupied  by  soft  fat.  The 
tnjra-orhifal  groove  is,  iu  tlie  fore  part  of  the  orbit,  converted  into 
a  canal  by  its  outer  edge  grooving  over  and  uniting  with  the  inner. 
The  line  of  union  of  the  two  raay  often  be  seen  in  young  skulls. 
Some  anatomists  supjiose  that  this  groove  is  the  remains  of  a 
division  wliich  originally  existed  between  the  nasal  process  and  the 
rest  of  the  bone.  I  have  not  been  able  to  find  evidence  of  this 
by  examination  of  foetal  bones.  At  the  hinder  part  it  is,  in  the 
recent  state,  completed  by  an  extension  of  the  perlostenm  over  it. 
In  a  few  instances  it  bifurcatesj  opening  upon  the  cheek  by  two 
foramina  instead  of  one ;  or  it  may  be  double  in  its  whole  length  j 
peculiarities  which  derive  interest  from  the  analogy  they  present 
to  the  usual  condition  in  apes  and  whales*.  It  is  usually  not  a 
mere  canal,  but  a  slit  extending  some  distance  between  the 
orbital  plate  and  the  wall  of  the  antrum  (PL  XV,  tig,  3,  A). 
iDtmnaiiikiy  ^  delicate  linear  suture  may  commonly  be  seen  on 
portion.  ^]|g  palatine  surface  of  the  maxilla,  crossing  from  nciir 

the  anterior  palatine  foramen  to  the  interval  between  the  lateral 
incisor  and  the  canine  teeth.  This  marks  out  the  interina^illunf 
btmej  which  contains  the  sockets  of  the  incisor  teeth,  constitutes 
the  whole  thickness  of  the  alveolus,  including  the  floor  of  the 
nostril,  the  anterior  nasal  spine,  and  the  fr-ont  wall  of  the  anterior 
palatine  hole,  and  is  connected  above  with  tlie  vomer  and  with  the 
septal  cartilage  of  the  nose  {PL  XV.  fig.  1,  EK).  The  inter- 
maxiUary  bones  form  a  much  more  prominent  featinre  in  the  lower 
animals.  In  them  they  are  placed  in  front  of  the  maxillas  and  are, 
therefore,  called  " premaxillary  bones,'*  they  also  remain  perma- 
nently separate  from  the  maxillary  bones,  and  send  up  a  process  to 
unite  with  the  nasal  bones  on  either  side,  so  that,  with  the  nasal 
bones,  they  complete  the  anterior  opening  of  the  nostrils. 


^  Meckera.iwHomitf,  n.  117. 
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The  opening  of  the  month  extends^  on  either  side,  mm 
far  as  the  canine  teeth,  its  corners  about  oorresponding 
with  the  outer  edges  of  these  teeth ;  so  that  the  size  of  the  oral  opening 
bears  a  relation  to  the  size  of  the  canine  teetb^  as  well  as  to  the  size  and 
direction  of  the  incisors  and  of  the  intermaxillary  portion  of  the  jaw. 
When  these  are  hirge  and  inclined  fon^ards,  tlie  opening  of  the  mouth 
is  large ;  and  this  conformation,  together  with  the  thickness  and  eversLon 
of  the  lips  which  are  usually  associated  with  large  and  protruding  incisors, 
contributes  to  the  uglinesa  of  the  Negro's  mouth.  Tlie  still  greater  pro- 
trusion of  the  fore  part  of  the  jaws,  and  the  great  size  of  the  canine  teeth, 
in  the  lower  animals,  causea  the  mouth  to  be  extended  to  some  distance 
on  either  side  of  the  £ace,  and  renders  it  better  adapted  for  its  prehensile 
office*  A  comparatively  small  size  of  mouthy  being  thus  associated  with 
retiring  alveoli,  and  being,  therefore,  an  indication  of  departure  from 
the  brute  type,  comes  to  be  looked  upon  as  a  beauty,  and  is,  with  some 
reason,  regarded  as  an  indication  of  intelligence. 


DisTelopnijcnL 


The  upper  jaw  is  formed  from  membrane.  Ossifica- 
tion begiiiB  80  early,  and  the  firat  nuclei,  if  there  be 
more  than  one,  coalesce  go  quickly,  that  it  is  difficult  to  ascertain 
their  number  with  certainty.  As  a  general  inile  there  appears  to 
be  only  one  or  two*  There  may,  however,  be  more:  thus  one  for 
the  alveolar  portion  has  been  foimd  by  Beclard  as  early  as  the 
30th  day,  quickly  ibllowed  by  three  or  four  others,  viz*  one  for 
the  orbital  plate  and  malar  partj  another  for  the  malar  process 
and  facial  part,  a  third  for  the  intermaxillary  portion,  and  a 
fourth  for  the  palate;  the  latter  is  developed  in  connection  with 
the  internal  lamina  of  the  alveolar  portion.  By  the  end  of  the 
third  mouth  these  three  or  four  nuclei,  supposing  them  originally 
distinct,  have  coalesced,  bo  as  to  leave  scarcely  a  trace  of  their 
separate  eadstcnce';  about  this  time  the  alveolar  ridges,  shooting 


* 


1  There  are  miLtiy  fi«surea  which  extend  to  »ome  depth  in  the  fcetal  and  yotmg  hon« ; 
but  we  roiiflt  not  think  that  these  are  necesBarilj  the  itidicationfl  of  its  havisg  been 
denr^oped  from  aerenl  centres.  The  moflt  marked  i^  that  whicli  gives  the  outlme  to 
the  mterma&ilhiry  part;  it  extenda  &om  between  the  mciAive  and  canine  Bocketa 
through  the  pabitc  Ux  the  anterior  palatine  liole,  and  may  be  traced  on  the  floor  of  the 
hmmJ  meatus,  and  up  the  ioflide  of  the  nasal  process,  crossing  the  inferior  turbinate 
bone  and  reaching  as  high  as  the  top  of  the  laclirymal  duct.  It  would  neem,  therefore, 
from  ibis,  that  the  intermaxillary  bones  surround  the  chief  part  of  the  anterior  meatus 


down,  enclose  tehveen  tliem  the  groove  in  which  tlie  teeth  are 
developed.  The  nasal  process  is  now  of  considerahle  size,  A  wide 
channel  between  the  latter  and  the  orhital  portion  is  the  infira-orbital 
groove.  This  becomes  covered  over  by  a  lamina  of  bone  shoot- 
ing from  the  sides,  and  arching  over  the  nerve  so  as  to  form  a  caniiL 
Occasionally  this  lamina  is  developed  from  a  separate  nucleus,  and 
I  have  seei^  it  ununited  to  the  rest  of  the  jaw  in  the  adult.  At 
birth  the  edges  of  the  alveoli  have  incliBed  towards  each  other  a 
little,  overlapping  the  tooth-germs  ;  and  the  dental  groove  is  divided 
into  socketaS  by  partitions  which  have  grown  np  from  its  bottom 
and  sides.  The  whole  maxilla  is  at  this  time  very  shallow:  its 
orbital  and  alveolar  portions  are  in  close  contact ;  the  latter  are  in 
the  same  horizontal  plane  with  the  lower  part  of  the  occipital  bone, 
and  the  wide  dental  groove  occupies  the  body  of  the  maxilla,  and 
extends  beneath  the  infra-orbital  canal;  as  growth  proceeds  the 
bone  acquires  a  greater  deptli,  and  the  antrum  is  hollowed  out  in 
its  interior.  The  latter,  as  before  stated,  may  be  traeed  at  birth  as 
a  shallow  depression  of  the  inner  wall  of  the  maxilla.  Gradually 
this  depression  is  deepened,  and  extended  outwards,  so  as  to  pass 
beneath  the  infra-orbital  canal  and  occupy  the  situation  before  held 
by  the  dental  groove.     Compare  figs.  3  and  4  of  PI.  XIIL 

In  old  age  the  alveoli  undergo  absorption  at  their 
edges :  this  exposes  the  fangs  of  the  teeth  and  causes 
them  to  become  loose  and  fall  out.  The  process  of  absorption  con- 
tinuing, the  walls  of  the  sockets  become  in  time  completely  removed, 
so  that  the  alveolar  processes  are  on  a  level  with  the  palate,  leaving 
the  nasal  spine  very  prominent;  and  the  whole  bone  is  reduced  to  a 


nArium,  SJid  reach  nearly  or  quite  to  the  tmaal  bon^,  aa  they  do  m  the  lower  animals. 
Mikcy  doubt  the  development  of  tb©  mteniiaxilla.ry  portion  from  a  eeparate  germ  in 
the  huinaD  fcetiiB,  Even  At  the  third  month  the  syture  or  fissure  just  meniionfd  \b  the 
only  evidence  of  it«  separate  existence.  M.  J,  Webor  could  find  no  trace  of  a  diatmct 
nucleus  in  any  of  the  Tarious  fcBtuaes,  of  from  two  to  four  ruonthj^  in  the  Mufteum  at 
Prague,  KeTerthekss,  he  succeeded  in  detaching  the  internmnillariea  by  immersing 
the  maxilkry  bones  in  dilute  nitric  acid  ;  thia^  togethtiir  with  ihmr  hmog  bo  completely 
separate  in  many  cases  of  ckft  palate,  he  n^garda  as  oafsclualve  eTidflnce  of  their  inde- 
pendent formation.  He  finds  that  the  line  of  aeparaUoD  runs,  not  between  the  incisive 
ajid  canine  Bocketa,  but  through  the  inner  part  of  the  lAttetj,  which  he  connects  with 
the  abBence  of  an  interval  between  the  canine  and  incisive  teeth.  Froriep's  Notiixnf 
Januar.  1828,  s.  iBt. 
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light  fragile  fatty  state.  It  thiis  returns  nearly  to  itfl  infantile 
shallow  conformation.  But  there  is  tliis  difference  between  t!ie  in- 
fantile and  the  senile  maxilla,  that,  whereas  in  the  fonner  the  want 
of  depth  results  from  the  imperfect  growth  of  the  walls  of  the 
antrum,  in  the  latter  it  results  from  the  absorption  of  the  alveolar 
portion  \ 

The  frequency  of  some  imperfection  in  the  Ibnuation  of 

the  palatine  and  alveolar  parts  of  the  maxilla,  causing  the 
different  degrees  of  cleft  palate,  has  already  been  mentioned  (page  180). 
An  instance  of  congenital  deficiency  of  the  alveolar  process  of  the  upper 
jaw  is  given  in  the  Transactions  of  the  Falliological  Society,  Vol.  i.  312. 
The  plate  of  bone  forming  the  roof  of  the  antrum  is  sometimes  in  part 
deficient^  so  that  this  cavity  may  oommunieate  with  the  orbit,  or  be  sepa- 
rated from  it  only  by  fiibrous  tissue**  A  praccss  has  been  found  ex- 
tending from  the  orbital  plate,  behind  the  oa  planum  to  tlie  frontal  bone', 
and,  in  one  instance,  a  "  Zygomatic  spine"  was  prolonged  beneath  tho 
malar  bone  as  far  as  the  temporal  bone*. 

The  presence  of  the  teeth,  and  of  the  antrum  with  its 

vascular  lining  membrane,  together  with  the  lachrymal  sac, 
the  contiguity  of  the  nose,  mouth,  and  orbit,  in  each  of  which  directions 
the  bone  is  covered  by  a  membrane  dilfemig  from  that  in  the  other  direc- 
tions, renders  the  maxillary  bone  peculiarly  liable  to  disease,  more  so  than 
any  other  bone  of  the  head.  It  is  often  the  seat  of  cancer,  of  fibrous 
growths  of  various  kinds,  of  exostosis,  caries,  and  sometimes  of  necrosis. 


THE  INTERIOR  MAXILLA 


is  the  only  bone  of  the  skull  capable  of  being  raoYcd  upon  the 
others.  In  the  lower  animab  it  is  used  as  an  organ  of  prehension, 
of  attack  and  defence,  as  well  as  of  mastication ;  and  to  fulfil  these 
various  functions  it,  together  with  the  upper  jaw,  is  prolonged  for- 


*  There  M  this  differcnc©  to  be  remarked,  between  the  miuiner  of  tlie  shedding  of 
the  fir«t  juad  second  aet  of  tC€th  j  the  fonner  become  loosened,  and  fall  out  in  con* 
icqtienov  of  the  Absorption  of  their  fangs,  wberms  ibe  l&tter  are  Koftb  m  oona^qiteQCQ 
of  the  remov&l  of  the  wklk  of  the  sockets  in  which  thej  were  placed. 

>  Lobit«jn,  AnaL  Paik,  PL  ▼.  fig.  i. 

*  Htfiik,  Ilandhuck  der  4ifM«0M»«e  du  n^mteheHj  i.  159. 

*  lUd,  i.  165. 
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wards,  so  as  to  be,  in  great  part,  clear  of  the  rest  of  tlie  skull;  it 
is  armed  with  powerful  teeth,  the  muscles  which  move  it  are  of 
great  strength,  and  the  hones  which  give  attachment  to  these 
mtisclcs  are  proportionately  developed.  In  man,  on  the  contrary, 
the  jaw  is  resfricted  almost  exclusively  to  the  w^ork  of  mastication ; 
it  is,  accordingly,  much  shortened,  its  condyle  and  neck  are  directed 
vertically  and  placed  nearly  at  right  angles  with  the  dental  portion, 
so  as  to  adapt  the  latter  to  the  corresponding  surface  of  the  superior 
maxilla,  wliich  has,  in  its  downward  growth,  descended  considera- 
bly 1k;Iow  the  horizontal  plane  of  the  base  of  the  skull.  One  result 
of  this  sliortening  of  the  jaw,  and  of  the  perj)endicular  position  of 
the  alveoli  of  the  teeth,  is  to  render  the  mental  portion  or  chin 
broader  and  more  prominent^  so  as  to  form  a  characteristic  feature 
in  the  outline  of  the  human  face*.  The  inferior  maxilla  of  the 
Kegro  exhibits  some  approximation  to  that  of  the  lower  animals 
in  its  greater  massiveness,  in  the  depth  of  its  horizontal  ramus, 
in  the  slant  forwards  of  the  alveoli  and  teeth,  which  causes  the  chin 
to  be  more  retiring,  in  tlie  greater  obliquity  of  its  neck,  and  in 
the  more  obtuse  angle  between  its  horizontal  and  ascending  por- 
tions. It  is  also  rather  more  curv^ed  along  its  alveolar  edge,  adapt- 
ing it  to  the  greater  cmwature  of  the  alveolar  portion  of  the  upper 
jaw  (p,  281).  The  inferior  maxilla  is  a  very  hard  bone,  to  enable 
it  to  resist  the  great  force  which  its  muscles  are  capable  of  exert- 
ing upon  it,  hence  its  section  diuring  operations  is  rather  a  tedious 

process. 

The  Condyles  are  set  obliquely,  so  that  lines  drawn 

in  the  direction  of  their  long  axes  meet  in  the  fore  part 

of  the  foramen  magnum  and  form  an  angle  of  150°  or  160°;  this 

arrangement  facilitates  the  rotatory  movements  of  the  jaw.     The 

slight  elevation  of  their  inner  extremities,  adapted  to  corresponding 

depressions  in  the  glenoid  cups,  forms  a  sort  of  lock,  and  gives 


1  The  chin  and  the  forehead  (aa  mentioaed  at  p.  945)  bear  a  relatioti  to  one 
another  in  the  degree  of  their  promiDence  Ulteriorly,  so  an  to  maintain  the  balance  of 
proportion  between  the  upper  and  towor  regions  of  the  face.  In  the  well-formed 
European  both  are  prominent,  oontraating  with  the  idiot  in  whom  both  are  retiring. 
The  retiring  of  the  forehead  and  chkij  which  ga^e  nn usual  prominence  to  the  teeth  and 
opeDiDgn  of  the  nose,  was  rery  remarkable  in  the  so'calkd  "  Aztecs,*'  lately  exhibited 
in  this  country. 
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Steadiness  and  secnrity  to  the  joint;  yet  it  is  not  sufficient  to 
prevent  some  lateral  movement.  They  are  most  thickly  covered 
with  cartilage  at  the  fore  parts  where  they  are  subjected  to  most 
pressure  against  the  glenoid  ridges. 

The  Neck^  on  either  side,  though  narrow  in  compari- 
son with  the  condyle »  is  strengthened  by  ridges  descend- 
ing  from  the  fore  part  and  aides  of  the  latter ;  it  is,  moreover,  well 
protected,  and  is  rarely  broken \     It  is  curved  (PI.  XVIII,  figs.  4| 
and  5)  bo  as  to  cause  the  head  of  the  bone  to  present  forwards,  ini 
a  direction  nearly  corresponding  with  the  line  in  which  the  chief  ^ 
bulk   of  the   fibres   of  the   masticatory  muscles  pull  upon  it  in 
closing  the  jaw,  and  which  throws  the  force  of  their  action  upon 
the  strong  ridge  bounding  the  fore  part   of  the  glenoid  cavity, 
{p.  256.) 

Thecoronoid  '^^^  CoTonotd  pTocess  fiimishes  a  good  handle  for  the 

P""****^  attachment  of  the  temporal  muscle,  and  gives  greater 

force  to  the  posterior  fibres  which  draw  the  jaw  backwards  into  the 
glenoid  cavity,  when  the  mouth  is  closed,  and  cause  the  lower  inci- 
sors to  be  pulled  up  behind  the  upper  ones  like  the  blades  in  a  pair 
of  shears.  It  is  inclined  a  little  outwards  to  afford  a  more  favour- 
able insertion  to  the  fibres  of  the  muscle,  which  are  chiefly  im- 
planted on  its  inner  side  and  fore  part.  From  its  base  a  thick 
ridge  passes  down  oblir^uely,  on  either  side  of  the  alveoli,  to  the 
baae  of  the  horizontal  ramus,  so  as  to  strengthen  this  part  of  the 
jaw  which  has  to  bear  the  greatest  stress  in  mastidktion.  The 
Afi/fk  of  the  jaw  is  generally  turned  a  little  outwards.  In  some 
it  is  turned  inwards.  Whichever  way  it  be  the  curve  afibrds  more 
space  and  a  better  purchase  to  the  muscles — the  mastoid  and 
internal  pterygoid— that  are  inserted  on  its  sides,  than  a  plane 
surface  would  have  done.  It  is  thin,  hard,  and  marked  by  obliqtie 
ridges  for  the  int^^miuscular  tendinous  fibres. 

The  Alveolar  processes  form  the  sockets  for  the  teeth  r 
they  are  thicker,  denser,  and  stronger  than  those  of  the 
nppi^^r  jaw ;  hence  the  great  force  usually  required  to  dislodge   a 


ThAftlnolL 


I 


*  There  k  in  the  Mua^  Dupuytrcii  an  example  of  unilej  fracture  of  the  neck  of 
llu  lowiv  jftW. 
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tooth  from  the  lower  jaw,  and  the  mischief  which  has  occasionayy 
resulted  from  rough  efforts  ix)  extract  teeth.  I  know  a  patient, 
the  whole  of  the  horizontal  portion  of  whose  jaw  was  pulled  away, 
when  she  was  a  child,  in  the  rude  attempts  of  a  quack  to  draw  a 
tooth.  The  foremost  alveoli  and  incisor  teeth  are  slanted  a  little 
forwards ;  the  hmdmost  and  the  molar  teeth  are  slanted  a  little  in- 
wards, tliat  is,  in  an  opposite  direction  to  those  of  the  upper  jaw, 
which  is  favourable  to  the  trituration  of  the  food  in  the  lateral  and 
rotatorj  movements  of  mastic^itioiu  The  arch  fonned  bv  the  alveoli 
and  teeth  of  the  lower  jaw  is  generally  rather  smaller  than  that  of 
the  upper  jaw,  so  that  the  former  is  received  within  the  latter  when 
the  mouth  is  closed.  Hence  the  teeth  are  of  somewhat  leaa  size, 
and  their  fangs  are  arranged,  side  by  side  in  the  alveolar  sockets, 
in  a  ratlier  more  regular  manner  than  in  the  upper  jaw.  More- 
over, the  molar  teeth  have  only  two  fangs,  one  in  front  of  the 
other.  The  hinder  molar,  or  wisdom  toothy  has  often  only  one  fang. 
It  is  situated  close  to  the  angle  between  the  horizontal  and  the 
ascending  ramu^  of  the  jaw,  so  that  the  space  afiorded  to  it  is 
confined  in  proportion  as  that  angle  is  small.  This  accounts  for 
the  trouble  so  often  experienced  by  Europeans  during  the  cutting 
of  this  molar ;  a  portion  of  the  gum  which  covers  the  fore  part 
of  the  coronoid  process  being  liable  to  be  carried  before  the  tooth, 
and  to  be  subjected  to  inflammation  and  ulceration  by  its  pres- 
sure. The  limited  space  allotted  to  it  may  account  also,  in  part, 
for  the  early  decay  of  this  tooth;  and  we  may  infer  that  these  in- 
conveniences are  less  frequently  experienced  in  the  Negro,  in 
whom  the  angle  is  wider. 

The  dentil  ^^^^  Dental  canal  corresponds  in  its  office  with  the 

canai  infra-orbital  groove,  transmitting  branches  of  the  fifth 

pair  of  nerves  and  blood-vessels  to  the  bone,  the  teeth,  and  the 
contiguous  soft  parts.  '*The  size  and  situation  of  the  dental  canal 
vary  according  to  the  age  of  the  individual.  At  birth  it  rims  near 
the  lower  border  of  the  bone,  and  is  of  considerable  magnitude : 
after  the  second  dentition  it  becomes  placed  just  above  the  level  of 
the  mylo-hyoid  ridge ;  in  the  edentulous  jaw  of  old  age  it  runs  along 
the  alveolar  border  of  the  bone,  its  size  is  much  diminished,  and 
the  mental  foramen  is  found  close  upon  the  upper  border  of  the 
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bone*."  (PL  XVII.)  The  Mental  formnen  is  geBerallj  placed  be- 
neath the  intenral  between  the  two  biciiBpid  teeth,  in  a  vertical  line 
with  the  supra-  and  infra^orbital  foramina,  or  very  nearly  so.  It  is 
situated  further  back  in  the  Negro,  bcneatli  the  second  bicuspid,  or 
beneath  the  intenral  between  it  and  the  first  molar. 

Ossification  commences  in  the  membrane  from  which 
the  inferior  maxilla  is  formed,  at  a  very  early  period — 
fi'om  the  tliirtieth  to  the  thirty-fifth  day,  according  to  Bcclard- 
Soon  after  two  montlis  it  is  considerably  advanced.  The  bone 
is  then  in  halves,  united  in  tlie  median  line  by  membrane.  In 
each  of  these  halves  tlie  condyle,  coronoid  portion,  and  angle  are 
quite  evident ;  the  mental  part  is  of  considerable  size ;  and  tliere 
is  a  lamina,  appended  to  the  inner  mde  of  the  ramus,  which, 
shooting  npwards,  forms  the  inner  wall  of  the  dental  groove  and 
dental  canal.  The  appearance  of  the  several  parts  at  this  early 
stage  certainly  gives  countenance  to  the  supposition  tliat  each  of 
tiiem  had  a  separate  ossifying  nucleus,  corresponding,  or  nearly 
corresponding,  with  the  five  pieces  into  which  the  jaw  of  the  croco- 
dile 13  permanently  divided;  that  is  to  say,  one  for  the  under 
and  outer  part  of  the  ramn^*,  another  for  the  inner  alveolar 
border,  a  third  for  the  coronoid  process,  a  fomlh  for  the  condyle, 
and  a  fiftli  for  the  angle.  If  it  be  so  they  become  miited  toge- 
ther very  quickly  after  their  formation.  The  probability,  however, 
is  that  in  this  bone,  as  in  the  upper  jaw,  there  is  usually  only  one 
nucleus  on  either  side,  and  that  the  various  processes  are  merely 
outgrowths ;  the  instances  in  wliich  the  latter  are  developed  from 
separate  nuclei  being  exceptional'.     As  growth  proceeds  the  inner 


'  Partridge  in  C^dopedia  of  Anatmiiy,     Article  Fact. 

•  KerkringiuB,  O^fttof/enia  /{gtuum,  cap>  IX. »  describes  tlie  coronoid  process  as  eon- 
Bisting,  up  to  the  tliirii  month,  of  an  osHJele  separated  by  a  suture  frotn  the  rest  of  the 
jnn^xiUa.  Beel&rtl  mentionsr,  in  addition  to  Iho  nuckus  for  the  minus  which  Appei<u*a 
from  tht?  30th  to  tlie  3Sth  day,  a  nucleus  ftr  the  coronoid  process  which  appears  about 
the  45th  day>  AutenriL'th  and  Spix,  Hikk''brandL'j*  Aftafomie,  li,  115,  describe  sJso  a 
nucleus  for  the  condyle  and  on©  for  the  angle,  to  the  probability  of  which  Beclard 
gives  assent.  Aooording  to  Spix  the  inner  wrdl  of  the  jaw  is  derived  from  a  separate 
nucleus.  Blandin,  Anatomie,  i,  117,  found  the  botly,  the  coronoid  process,  aod  the 
binder  fvftil  of  the  bone,  separate  from  one  another,  in  a  fcrtiis  of  three  months. 
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Inmina  of  the  ramus  rises  nearly  to  tlie  same  level  with  the  outer, 
and  forma  the  inner  alveolar  border ;  the  dental  groove  is  deep- 
ened; and  the  anterior  dental  sockets  become  marked  out  and 
separated  from  one  another  by  bony  partitions,  which  grow  from 
the  sideg  and  bottom  of  the  groove.  Near  the  coronoid  process 
the  inner  lamina  joins  the  outer,  arching  over  and  enclosing  the 
denial  foramen  and  the  hinder  part  of  tlie  dental  canaL  The  latter 
is,  at  this  time,  a  mere  channel,  in  which  the  nerves  and  vessels  lie, 
at  the  bottom  of  the  dental  groove,  in  the  greater  part  of  its  extent. 
At  birth  the  two  incisive,  the  canine,  and  the  first 
molar  sockets  are  partitioned  from  one  another;  the 
dental  canal  has  become,  in  great  measure,  separated  from  the  dental 
groove  or  sockets ;  and  the  dental  foramen  and  the  spine  that  pro- 
jects upon  its  inner  side  are  formed.  There  are  always  at  this 
time,  at  least,  two  openings  at  the  dental  foramen.  One,  of  larger 
size  than  the  other,  commimicates  with  a  groom  which  runs  along 
the  floor  of  the  cavity  for  the  hinder  teeth.  The  other,  smaller  one, 
is  tlie  opening  of  a  canal  which  runs  beneath  this  groove  to  the 
milk-teeth.  Both  the  groove  and  the  canal  carry  vessels  and 
nerves  to  the  teeth,  and  communicate  with  the  mental  foramen, 
which  is  situated  lieneath  the  first  molar  socket,  nearly  in  the  same 
position  as  in  the  adult  Negro*.  When  the  milk-teeth  fall  out  the 
canal  which  is  devoted  to  them  disappears,  and  the  groove,  becom- 
ing enlarged  and  covered  over,  is  converted  into  the  permanent 
dental  canal.  The  bone  is,  at  birth,  still  in  halves,  united  by 
fibrous  or  fibro-carti lag! nous  tissue,  in  which  one  or  two  little  bony 
germs  are  occasionally  fomid^.  The  coronoid  process  is  of  large 
comparative  size,  and  stands  up  boldly,  at  right  angles  from  the 
rest  of  the  bone.  It  is  tlirowna  into  stronger  relief  from  the  fact 
that  the  condyloid  part  is  nearly  in  the  same  horizontal  line  with 


^  The  above-mentioned  dentnl  groove  and  cauaJ  of  the  fcetua  and  young  child  do 
not  alwarjB  commumcate  with  the  same  mcntaul  forampn  ;  for  there  are  sonwrtimes,  as 
represented  in  Pkte  XVIL  fig.  t,  two  mentflJ  foramina,  one  in  front  of  the  other ; 
the  anterior  of  these,  which  opens  into  the  canal,  becomes  ohliterateti  with  it  dnritig 
the  second  dentition. 

*  Otto,  p.  183. 
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the  ramus :  at  least  it  forma  with  it  an  angle  of  160**  or  170**;  and 
this  straight  configuration  of  the  lower  jaw,  together  with  the  want 
of  depth  of  the  ramus,  contributes  to  give  the  round  shape  to  the 
face  of  the  infiint.  The  condyle  is  ossified  tip  to  its  thin  articular 
cartilage ;  this  and  the  sternal  end  of  the  clavicle  being  the  only 
bones  in  which  that  is  the  case^.  The  condyle  itself  is  rounded  on 
its  fore  part,  and  the  movements  of  the  jaw  are  nearly  confined 
to  opening  and  shutting  the  month;  but  little  lateral  or  antero- 
posterior motion  is  possible  in  consequence  of  the  small  size  of  the 
glenoid  cavity. 

ciuinget»fier  After  birth  the  two  segments  become  united  at  the 

^^^^^  eymphyais.    The  miion  takes  place  from  below  upward*, 

and  is  complete  at  about  a  year,  A  small  notch  in  the  alveolar 
margin,  which  is  a  remnant  of  the  former  fissure,  may  sometimed 
be  seen  as  late  as  the  second  year.  In  many  of  the  lower  animals 
the  symphysial  suttnre  remains  through  life;  but  I  do  not  know 
of  any  instance  in  which  the  halves  have  failed  to  coalesce  in 
man,  or  in  which  an  intennediate  bone  has  been  permanent  in  this 
situation^.  The  ramus  becomes  increased  in  thickness,  partly  by 
growth  above  the  dental  canal,  to  aflbrd  room  for  the  fangs  of 
the  teeth,  and,  still  more,  by  the  tliickeniug  below^  which  takes 
place  to  enable  the  jaw  to  withstand  the  powerful  contraction  of  the 
masticatory  muscles.     While  these  changes  are  going  on,  and  the 


^  KoUiker,  adducing-  tMi  u  an  instuice  in  which  part  of  one  of  the  "secondfkry 
enuiiiil  bones, '^  (that  is,  one  of  the  craoial  bonet  "omtpng  from  plasnm  s^rvted  from 
the  vesaelfl  of  the  periosteum,")  m  lengthened  through  the  medium  of  cartilage,  makes 
the  following  remnrks:  *'Tbe  most  striking  example  of  thb  kind  oocura  in  tbe  con- 
dyle of  the  inferior  maxilla,  where,  even  during  fceUl  life,  a  thick  cartilaginoua  layer 
is  depoeited,  which,  bo  long  as  the  growth  of  the  bone  continues,  preceden  ita  longitu- 
dinal growth  exactly  like  an  epiphysial  eartiL%ge,  I  have  noticed  the  §ame  tbing  in 
the  articular  fossa  of  the  temporul  hone,  whore,  however,  the  cartilage  is  less  developed, 
at  the  angle  of  the  inferior  mnxilb  (in  tbe  calf)  and  at  the  anterior  extremities  of 
each  half  of  the  iiAme  bone,  whicb  are  connected  bj  a  semi-fibrous,  fiemi-cartilagiuoiu 
substance."     Human  IliMoioffiff  i.  373. 

^  The  lower  jaw  is  not  unfrequently  wanting  altogether  in  the  lower  animals  ;  in 
some  instances  tbe  lateral  portions  remain  separated  by  an  interral,  and  there  is  m. 
bngitiadiDal  deft  in  the  lower  part  of  the  mouth,  OtUi*9  Catalf.*^  da  Anatomudken 
Mugeums  su  Bret!aiij  P-  37-  A  case  of  delicic-ncy  of  the  lower  jaw  in  a  human  fcetus 
ij  relubed  in  his  S^Uenc  BwbacMun^en  2le  Samml ua^,  s.  i6B. 
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Changei  in  Age. 


Upper  jaw  is  growing  downwards,  the  condyloid  part  elongates,  and 
the  angle  between  the  vertical  and  horizontal  portions  becomes 
leas  and  less  obtuse,  till  it  is  nearly  a  riglit  angled  The  condyle 
becomes,  at  the  same  time,  less  rounded  anteriorly,  is  hollowed  a 
little  immediately  beneath  its  anterior  articular  edge,  and  is  bent 
slightly  forward  where  it  is  set  upon  the  neck.  The  ramns  elongates 
in  its  whole  length,  but  more  particularly  behind  the  mental  fora- 
men ;  and  the  tliree  additional  double  teeth  of  the  second  dentition 
are  developed  in  this  part.  The  time  at  which  the  several  teeth 
appear  is  subject  to  considerable  irregnlarity ;  and  instances  of 
elderly  persons  are  eveiy  now  and  then  met  with,  in  whom  the 
wisdom  and  some  other  teeth  have  not  been  cut*. 

When,  in  advancing  years,  the  alveoli  are  absorbed 
and  the  teeth  drop  out  the  bone  again  becomes  shallow; 
particularly  between  the  mental  and  condyloid  portions,  where  it 
is  often  reduced  to  the  size  of- the  shaft  of  a  metacarpal  bone.  At 
the  chin  it  remains  rather  thicker,  and  its  upper  edge  is  slanted 
backwards,  in  consequence,  probably,  of  the  pressure  of  the  lower 
lip  npon  it.  But,  whereas  in  infancy  the  alveolar  processes  con- 
stituted the  chief  element  in  the  ramus,  these  have  been  removed 
in  the  aged  person,  and  the  lower,  or  "subdental,''  portion  only 
remains ;  so  that  the  mental  foramen,  which  had  been  near  the 
lower  margin  of  the  jaw,  is  now  placed  quite  upon  its  upper 
edge.  The  bone  is  veiy  hard  in  the  edentulous  state,  and  is  not 
subject,  so  far  as  I  know,  to  the  interstitial  absorption  and  fatty 
degeneration  which  are  so  frequently  observed  in  other  parts  of  the 
senile  skeleton.  In  order  to  permit  the  jaws,  deprived  of  teeth  and 
alveoli,  to  be  brought  into  something  like  proximity  with  one  an- 
other, so  that  tlie  food  may  be  rubbed  down  between  them  and 
bet\^'een  them  and  the  lips,  the  angle  of  the  lower  jaw  again  be- 
comes widened  to  between  130*'  and  140'',  and  the  neck  of  the  bone 
is  more  or  less  bent  backwards.     These  changes  in  the  angle  and 


^  During  tbe  first  dentition  the  angle  Taries  from  ijo'*  to  150^,     In  flM  i 
dentition  it  m  rednoed  to  about  115**.     In  the  Negro  and  Mongolian  it  Is  rather  wider 
than  in  the  European. 

'  Otto*8  Catalcg  deg  Anatomitchet^  Muaeumt  zu  BreataUj  p.  53. 
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neck  are,  probably,  in  some  measure,  dependent  upon  the  influence 
of  the  masiseter  internal  pterygoid  and  temporal  muscles,  which 
tends  to  bring  the  condyle  and  the  ramus  into  a  straight  line,  after 
the  resistance  afforded  by  the  contact  of  the  teeth  wiUi  thoae  of 
the  upper  jaw  has  been  withdra\\Ti.  As  a  consequence  of  these 
changes  the  jaw  is  elongated  and  the  chin  is  tliro%vn  forwards,  so 
that  when  tlie  mouth  is  closed  the  latter  is  in  a  phane  considerably 
in  front  of  the  corresponding  part  of  the  upper  jaw,  the  nose  and 
the  chin  come  together,  and  the  relation  of  the  parts  at  preceding 
periods,  when  the  upper  jaw  projected  in  front  of  the  lower,  is 
reversed.  After  all,  therefore,  there  cannot  be  much  contact  between 
the  upper  and  lower  gums.  The  fact  is,  that  mastication  is  per- 
formed very  imperfectly,  the  food  being  merely  softened  by  the 
saliva  and  rubbed  down  a  little  between  the  lips  and  the  gums ; 
and,  as  a  compensation  for  the  deficieucy  of  trituration  in  the  mouth, 
it  would  seem  tliat  the  digestive  powers  of  the  stomach  are  in- 
creased* I  have  observed  this  to  be  the  case  in  so  many  instances 
that  I  am  inclined  to  regard  it  as  a  general  rule,  that  the  powera 


DESCRIPTION  OF  PLATE  XTIL 

Fig*  1.  Side  view  of  oxtorior  of  lower  jaw  at  birth,  Bhowis^  tho  width  of  tKe 
"  angle'*  and  the  prominence  of  tbe  **coroiioid  f*n>cesa/'  A  is  the  "anterior  nieotai 
foramon^"  with  a  brtstle  (M)  paaaed  through  it  olnng  the  inferior  duntaJ  canal,  O  ia 
the  ^'iiiewtal  fonimeu,"  Bituated  beneath  (/>)  the  firat  molar  socket  and  coaiiDunicating 
directly  with  it. 

Fig,  1.  Side  view  of  jaw  of  child,  in  which  first  dentition  is  complete:  the  outer 
shell  baa  been  removed  to  esLpoBo  the  teeth .  A  and  B,  two  molars^  the  latter  a  per- 
manent tooth.  C  and  D,  8f>ci>nd  and  third  molars.  E,  P,  the  two  bicuspida,  G,  H^  the 
two  ptfrmanent  incisorB.  The  six:  last  mentioned  lie  quite  concealed  in  the  ramus  of 
the  jaw.     The  **  angle  "  is  nearly  as  wide  as  at  birth. 

Fig,  3*  Similar  view  of  adult  jaw.  The  '*  angle"  is  nearly  a  right  angle,  C^  the 
*' mental  foramen."    There  is  no  distinct  trace  of  an  anterior  mental  foramen. 

Fig.  4.  Similar  view  t>f  jaw  of  an  old  person.  The  angle  ia  obtuse;  the  coronold 
process  ia  sharp,  the  condyle  flattenwl  from  before  backwards.  C^  the  '^  mental  fora- 
meD>"  is  large,  and  quite  upon  the  upper  edge  of  the  ramus.  B,  the  narrow  part  of 
thcj  Runua,  £,  the  upper  edge  of  the  mental  portion  sloped  backwards.  The  alveoli 
are  quite  remOYed,  and  the  upper  edge  of  the  jaw  is  smooth  and  hard  like  the  r«at 
of  the  bone. 

Fig,  5.  Side  view  of  edentulous  i^k^U,  showing  the  elongated  condition  of  tbo 
lower  jaw,  and  its  rcLition  to  the  upper  jaw,  J,  the  projectijig  nasal  spine  of  the  supe* 
rior  maxilla.     The  alveoli  of  both  upper  and  lower  jaws  are  gone.    (7,  mental  foramen. 
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of  the  stomaeli  increase  about  the  same  time  that  those  of  the  jaws 
begin  to  fail.  Among  other  changes  incidental  to  age  tlie  coronoid 
process  becomes  thin  and  pointed,  the  condyles  become  narrow 
&om  before  backwards,  and  more  hollowed  in  front ;  they  rest  upon 
the  glenoid  cavity  by  a  narrow  portion  of  their  anterior  aspect,  and 
the  cartilage  disappears  from  the  remainder  of  their  surface. 

The  lower  jaiA%  like  the  upper,  is  subject  to  a  variety  of 
diseases,  which  arc  often  excited  by  a  morbid  condition  of  the 
teeth,  of  the  membrane  which  linea  the  alveolar  aoekets,  or  of  the  gnma 
Many  tumours,  of  tibrotis,  obscous,  cystic  {simple  and  multilocular*), 
and  cancerous  nature,  are  developed  in  it.  It  is  therefore  often  the  sub- 
ject of  openition.  Large  portions  may  be  removed  without  much  diffi- 
culty or  danger;  but  the  effect  of  breaking  in  upon  the  alveolar  arch 
ifl  serious ;  inasmuch  as  the  portion  of  tiid  jaw  which  is  left  does  not 
retain  its  proper  position,  and  the  teeth  cannot  usually  be  brought  into 
contact  with  those  of  the  upper  jaw.  The  mental  portion  of  the  jaw 
is  sometimes  bent  downwards,  and  the  alveolar  processes  are  directed 
forwards,  so  that  the  incisor  teeth  cannot  be  approximated  to  those  of 
the  upper  jaw.  This  may  result  from  the  contraction  of  a  cicatrix  in 
front  of  the  neck.  I  found  the  same  change  caused  by  the  pressure  of 
an  enlarged  tronguo  prolapsing  through  the  mouth  ^  and  in  another  case 
by  the  long-continued  pressme  of  an  enormous  ranula* 


Tbop«kie- 


OTHER  BONES  OF  FACE, 

The  Faluie-bones^  placed  between  tlie  superior  maxil- 
lary and  sphenoid,  are,  as  to  tlaeir  palatine  and  orbital 
portions  (page  213) »  small  in  man  in  comparison  witli  most  of  the 
lower  animals.  They  embrace  the  posterior  round  ends  of  their 
respective  raaxillte,  overlap  the  palatine  plates  of  those  bones,  and 
assist  to  cover  the  hinder  part  of  the  antral  opening.  At  the  point 
of  union  of  the  fonr  comers  of  the  maxillary  and  palate-bones  two 
of  the  angles  unite  diagotially,  separating  the  other  two,  just  as  we 


'  Edinhurffh  Medkcd  Journal,  Nov.  1857,  p.  ^6&, 
•  MedicO'Ckirurgieai  Transa^ti^mf,  3CXZVI. 
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iiaaally  find  to  \ye  the  caiie  with  the  angles  of  the  frnntnl  aiid 
pftrietAl  bones  when  the  frontal  suture  is  persistent.  Each  palatp- 
bone  is  flevelopecl  from  one  nucleufl,  which  appears,  lietween  tht* 
fortieth  day  and  the  third  month,  at  the  angle  of  union  of  the  hori- 
zontal with  the  vertical  portioiu  The  palatine  process  soon  shooti 
inward  to  meet  that  of  the  opposite  aide.  In  the  young  child  the 
himo^  hm  very  little  depth  •  the  transverse  measurement  is  greater 
than  the  vertical,  and  the  orbital  portion  is  not  yet  formed. 

Tlte  tliick  furrowed  up])er  extremity   of  the    Vomer 
embraces  the  keel-shaped  uuder-surfacc  of  tlie  body  of 
the  sphenoid,  so  that  the  increase  of  the  depth  of  the  latter,  and 
the  formation  of  the  sinus  in  its  interior  have  direct  relation  to  the 
downward  growth  of  the  jaws>     The  sharp  median  antero-inferior 
angle  of  the  sphenoid  is  received  between  the  plates  of  the  vomer, 
which  rise  up  on  either  side  of  itj  and  the  bony  laminae  which 
extend  inwards  from  the  basea  of  the  pterj^goid  processes  overlap 
the  hinder  forked  extremity  of  the  vomer.     Thus  the  bone  is  held 
securely  in   its  position,  and  displacement  downwards  and   back- 
wards, as  well  as  upwards,  is  eflectually  prevented.     It  Incomes 
thinner  as  it  descends.     Its  hinder  edge  is  free,  forming  the  inner 
margin  of  eac^h  of  the  posterior  openings  of  the  narei^.      Its  sharp 
lower  edge  is  applied  in  a  wavy  line  ufjon  the  projecting  ridge 
formed  by  the  union  of  the  palate  and  maxillary  bones  of  the  two 
sides*     Its  anterior  extremity,  which  is  thicker,  abuts  against  the 
nasal  spine  of  the    niaxilli^.      Its  upper  elge  is  thin  and  single, 
w^here  it  is  in  contact  with  the  sethmoid ;  thicker,  and  in  early  Ufe 
donhle,  where  it  is  connected  with  the  septal  cai-tilage.    The  vomer 
is  marked  on  either  side  by  a  groove  for  the  nerv^e  descending,  from 
the  spheno-palatine,  to  the  anterior  palatine  hole,  (Plate  XV.  fig.  1.) 
Ossification  begins  at  the  upper  part  at  the  fifty-fifth  day  (Be- 
clard),  or  in  the  fourth  month  (Meckel).    There  is  only  one  nucleus. 
From  this  two  laminae  grow  down,  one  on  either  side  of  the  median 
line*     They  are,  at  first,  separated  by  a  considerable  interval,  and 
they  enclose  between  them  the  uiiossified  cartilage,  which  is  pro- 
longed forwards,  and  forms  the  remainder  of  the  septum.      The 
coalescence  of  the  lamina;  goes  on  from  behind  fon^^ards,  but  is  not 
complete  till  after  puberty ;   even  then  there  remains  a  groove  for 
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the  reception  of  t!ie  septal  cartilage.     The  lamiBse  remain  separate 
to  a  greater  extent  in  other  mammak  than  in  man, 
inferiOT  Or^sification   begins  in  the  infirtor  Spongy  hone  in 

Spongfbone,  tjj^  flffij  month,  and  goes  on  quickly.  The  hook-like 
process  which  extends  into  the  antrum  is  ossified  after  birth.  It 
has  its  hroad  end  directed  fon^'ards  and  applied  against  the  nasal 
process  of  the  mas:iUary  bone.  Its  lower  edge  slants  from  behind, 
upwards  and  forwards  in  two-thirds  of  its  length,  so  as  to  catch  the 
inspired  current.   (See  page  213.) 


LadiTTmal  bonu. 


Tho  Lachnjtiial  hones  form  a  small  item  in  the  human 
'  skull ;  and  thej  vary  in  size  and  shape.  In  some  cases  the 
cruta  lachrt/^mali$  is  wanting  or  very  small ;  and  there  is,  consequently, 
no  line  of  division  between  the  fore  and  hinder  parts  of  the  bone.  Eiich 
lachrymal  bone  may  be  continuons  with  the  lamina  of  the  sethraoid,  or  he 
divided  by  a  vertical  suture ',  or  be  so  small  as  not  to  assist  in  forming 
the  lachrymal  canal ;  or  it  may  be  absent  altogether,  it«  place  being  sup- 
plied by  the  nasal  process  of  the  maxillary  bone*,  or  by  it  conjoined 
with  the  aithmoid.  These  bones  are  much  larger  in  other  mammals;  in 
Graminivora  they  occupy  the  place  of  the  nasal  processes  of  the  maxil- 
lary bones,  which  are  truncated  and  do  not  reach  the  frontal.  Ossifica- 
tion begins  in  the  lachrymal  bones  at  about  the  55th  day  (Beclard)^  or 
in  the  5th  or  6th  month  (Meckel).  At  birth  their  size,  like  that  of  the 
orbits^  LB  large  in  proportion  to  that  of  the  other  facial  bones. 


NaaitboBM. 


The  Nasal  bones  are  applied  against  one  another, 
and  are  joined  together  so  as  to  form  an  arch,  which 
rests  upon  the  nasal  processes  of  the  maxillary  bones.  The  line  of 
union  with  the  latter  is  serpentine ;  and  there  is  an  alternation  in 
the  overlapping  of  the  respective  edges,  so  that  displacement  is 
quite  provided  against.  The  thick,  jagged,  upper  ends  of  the  nasal 
bones  are  closely  united  with  the  deeply  dentated  nasal  process  of 
the  frontal  bone ;  and  their  tljin,  notched,  lower  edges  are  connected 
with  the  fibrous  tissue  and  cartilages  of  the  nose.  The  arch  formed 
by  their  union,  and  the  anterior  curvature  in  their  length,  both  con- 
tribute to  throw  out  the  bridge  of  the  nose,  the  prominence  of  which 


*  Hyril,  AnaiomUf  i,  loi. 


»  Otto,  p,  i8i. 
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is  a  cliaracteristic  feature  of  tlic  liunian  face,  and  in  most  marked  in 
the  higher  races  of  mankind^  and  more  marked  in  the  adult  tkaii 
in  the  cliild.  The  groove  on  the  hinder  surface  of  each  naaal  bone, 
leading  to  the  deep  notch  in  its  lower  end,  is  for  the  naso-lobular 
branch  of  the  fifth  nerve.  A  separate  branch  of  the  nerve  often 
passes  through  a  small  hole  near  the  middle  of  the  bone.  The  nasal 
bones  begin  to  ossify  as  early  as  between  the  2nd  and  3rd  month. 

In  a  few  instances  but  one  oasal  hone  has  been  found,  reminding  us  of 
the  Monkey^:  this  is  the  case  in  the  akull  of  a  native  of  Congo,  aet.  37, 
in  the  Cambritlge  museum.  Or  there  may  have  been  originally  two 
bones  which  have  become  earlj  united ;  and  it  may  be  observed  that  the 
Butiiro  between  the  nasal  hones  is  obliterated  earlier  than  any  otber 
in  the  face.  Sometimes  they  are  wanting,  the  deficiency  being  supplied 
by  the  enlarged  nasal  procesBes  of  the  maxillary  bones'.  In  the  little 
child  they  are  straighter  aud  of  more  uniform  width ;  as  the  face  grows 
larger  they  become  lengthened,  more  cui-ved  and  arched,  and  wider  at 
their  lower  ends. 


MjJar  bones. 


The  Malar  hones  are  yoke-bones  between  the  jaws 
and  the  sides  of  the  cranium,  being  connected  above  witli 
the  frontal  and  sphenoid,  behind  with  the  zygomatic  proce-ssea  of 
the  temporal  which  overlap  them,  and  in  front  with  the  aides  of 
the  upper  jaw,  in  the  manner  mentioned  at  page  282.  Like  most 
of  t!ie  other  bonea  of  the  face  each  malar  hone  is  peribrated 
!>y  a  branch  of  the  fifth  nerve,  which  is  distributed  to  the  skin 
over  it.  It  begins  to  ossify  betw^een  the  50th  day  and  the  3nl 
month.    At  birth  it  is  fully  formed. 

In  the  Monkey  the  malar  bone  extends  further  into  the  orbit,  and 
separates  that  cavity  from  the  temporal  fossa  more  completely  even  than 
it  does  in  man ;  but  in  other  animala  it  has  little  or  no  connection  with 
the  sphenoid  i  and  in  moat  Caniivora  it  does  not  even  touch  the  frontal 
hone,  bnt  forma  merely  a  hand  between  the  jaw  and  the  temporal  bone, 
so  that  the  orbit  and  the  temporal  fossa  are  one  cavity.  In  the  Kan- 
garoo it  runs  back  beneath  the  ^goma  as  far  eis  the  glenoid"  cavity. 


1  In  the  monkey  the  single  naaal  hone  Upers  towards  its  upper  end,  and 
reaches  the  frontal  bone.     In  other  animals  there  are  two  naaal  bones* 
*  Otto,  p,  i8i. 
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Breschet',  having  examined  a  vast  number  of  skeletons,  met  with 
ten  cases  in  which  the  malar  bone  was  divided  by  a  horizontal  suture 
into  two  portions.  In  only  one  case  did  the  division  exist  on  both 
sides  of  the  same  skull.  He  found  a  similar  condition  in  some  of 
the  Quadrumana;  and,  in  a  few  instances,  he  met  with  two  and  even 
three  nuclei  in  the  human  foetus.  In  several  young  bones  I  have 
found  a  fissure  extending  horizontally  through  the  orbital  plate,  so  as 
to  create  a  partial  division  of  the  bone  into  two  piecea  Occasionally  the 
bone  is  absent  altogether'. 


^  Annales  des  Sciences  Naturellet,  1844,  Tom.  i.  A  gimilar  division  of  the  malar 
bone  into  two  or  three  pieces  placed  one  above  the  other  has  been  noticed  by  Sandifort^ 
Soemmerring,  and  Spix. 

*  Jourdain,  Encyd.  Anat,  n.  61. 


THE  TEMPOKO-MAXILLARY  JOINT'  {PI.  XYin.) 


IS  the  only  joint  in  the  skull  permitting  one  bone  to  move  upon 
another.  It  m  protected  by  ligaments  whicti  surround  the  joint, 
and  which  are  almost  continuous  with  one  another,  so  that  they 
might  be  described  as  forming  one  capsular  raembrane;  but  as 
they  are  thicker  at  some  parts  than  at  others,  they  wiW  be  better 
understood  if  they  be  treated  of  separately,  as  *' external,"  **  in- 
ternal," '*  anterior j"  and  "  posterior"  portions  or  ligaments, 
ExteTuUute-  ^^^^  External  lateral  ligament  (fig.  1,  C)  is  the  strong- 
mi  liattmenL  ^st  of  all,  and  has  the  most  extensive  attachments.  It 
arises  from  nearly  the  whole  of  the  lower  edge  of  the  zygomatic  pro- 
cess of  the  temporal  Ixine.  Its  anterior  fibres,  whicli  reacli  almost  to 
the  malar  bone,  and  are  of  considerable  strength,  pass  very  obliquely 
backwards  and  doT\Ti wards ;  the  middle  ones  are  less  oblique,  and 
the  hinder  ones  are  shorter  and  nearly  straight:  they  are  all  inserted 
into  the  ridge  descending  from  the  outer  extremity  of  the  condyle. 
I  do  not  find  that  any  of  them  are  attaclied  to  the  condyle  itself, 
80  that  this  part  of  the  bone  is  free  to  slide  backwards  and  forwards 
under  the  ligament.  The  chief  office  of  this  ligament  is  to  prevent 
the  condyle  being  pressed  backwards  against  the  post-glenoid  and 
vaginal  processes  of  the  temporal  bone  when  the  mouth  is  closed. 
Its  hinder  fibres  prevent  the  condyle  being  thrust  too  far  forwards 
when  the  month  is  open.  It  also  limits  the  extent  to  which  the 
jaws  can  be  separated  ;  and,  when  the  mouth  is  being  opened 
wide,  it  will,  by  fixing  the  neck  of  the  jaw  and  making  it  the 
centre  of  motion,  cause  the  condyle  to  advance  forwards  upon  the 
glenoid  ridge. 


^  For  ehape  of  articuUr  stirfaces,  ioq  Temponil  Bone  (p.  154),  tuid  Lower  Jibw  (p.  187). 
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The  Internal  lateral  Imaments  (fiffs.  2  and  3,  E  and 
iDtemai  kterti  i<^)  are  two ;  a  hn^  and  a  «Aorf,  The  former,  usually 
described  as  "  the  interDal  lateral  ligament,"  descendfl, 
from  the  outer  part  of  the  spine  of  the  sphenoid  bone  and  the  con- 
tiguous edge  of  the  glenoid  cavity,  downwards  and  outwards,  to  the 
lower  jaw,  beneath  the  dental  foramen,  where  it  ia  attached  to  the 
spine  of  the  maxilla  and  covers  over  the  groove  for  the  mylo-hyoid 
nerve.  The  Short  internal  ligament^  which  seems  to  have  escaped 
the  observation  of  anatomists,  though  it  is  a  weU-defined  structure, 
stronger  and  more  worthy  of  attention  than  the  preceding,  arises  by 
a  broad  base,  a  little  external  to  and  in  front  of  it,  from  near  the 
same  point  of  the  sphenoid  spine,  and  is  attached,  by  a  narrower 
apex,  to  the  sharp  ridge  descending  from  the  inner  extremity  of  the 
condyle,  immediately  behind  the  insertion  of  the  external  pterygoid 
muscle.  It  is  separated  from  tlie  long  internal  lateral  ligament  by 
fat  and  cellular  tissue.  Like  the  external  lateral  ligament  it  passes 
over  the  condyle,  so  as  not  to  interfere  with  its  backward  and 
forward  movement  j  and  it  combines  with  that  ligament  in  limiting 
the  advance  of  the  condyle  forwards  when  the  mouth  is  open,  and 
in  preventing  its  too  great  retrocession  w^hen  the  mouth  is  closed. 
By  fixing  the  neck  of  the  bone,  when  the  mouth  is  being  opened, 
it  also  combines  with  the  outer  ligament  in  promoting  the  forw^ard 
movement  of  the  condyle.  A  line  drawn  through  the  neck  of  the 
jaw,  between  the  points  of  insertion  of  these  two  ligaments  (i.  e. 
the  sliort  internal  and  the  external  lateral  ligaments),  representa 
tlxe  axis  upon  which  the  jaw  revolves  during  the  opening  and 
shutting  of  the  mouth  j  and  the  condyle  plays  forwards  and 
backwards  between  the  two  ligaments,  both  of  which  tend  to 
prevent  its  displacement  in  a  lateral  direction  as  well  as  backwards 
or  forwards, 

poBterior  ^^^  Posterior  ligament  (fig.  5,  L)  connects  the  exter- 

iig«ia«nt  ^^i  ^^^  ^]jg  short  internal  ligaments  together*  It  is 
attached  bet^veen  them  to  the  hinder  edge  of  the  glenoid  cavity,  just 
in  front  of  the  JiMnra  Gla^en\  and  is  inserted  between  them  into  the 
hinder  surface  of  the  jaw,  below  the  neck.  It  assists  them  in  limiting 
the  forward  movement  of  the  jaw.  The  long  internal  lateral  liga- 
ment is  also  united  to  it  by  fibrous  tissue,  and,  in  some  instances^ 
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Beems  to  be  continuous  with  it.    The  Antertor  hffament^ 
scarcely  deserves  a  special  name  or  description.     It  will 
be  mentioned  again  presently. 

interartiiniiar  '^'^^   InterarHmlar  Jtbro-mrtitnge    (fig.  3,  H,    figs. 

iibTCHmrtiiaeo.  4  ^^^  5^  ^j  forms  an  important  element  in  this  joint.  It 
is  shaped  so  aa  to  fit  upon  the  condyle,  and  is  thinner  at  the  middle 
than  at  the  circumference.  Now  and  then  it  is  perforated  in  the 
middle.  It  divides  the  joint  transversely  into  two  distinct  cavities, 
each  having  a  separate  s>Tio%ial  membrane;  and  these  synovial  niem- 
brancB,  strengthened  by  some  fibrous  tissue,  which  passes  off  from 
the  circumference  of  the  interarticular  cartilage,  above  and  below, 


f 


BESCRIPnON  OF  PLATE  XVIII. 

Fig,  t.  The  riglit  tcmporo-maxilkry  joint  B^en  from  the  outer  side.  A,  m&Btoid 
prooeaa.     E^  zygoma.     €,  externa!  Uteral  ligament.     B^  tbw  styloid  process. 

Fig.  1.  Tlie  eamo  joint  seen  from  tlie  inner  side.  A,  cut  edge  of  temporal  bon#. 
Bf  cut  edg«  of  HpUonoid.  V^  spine  of  sphenoid.  D,  lower  jaw,  which  hw  been  drawn 
B  little  forwards,  E^  long  internal  lateral  ligament,  which  hoe  been  partly  removed. 
P,  short  internal  ditto.     Of  external  pterygoid  niusde. 

Jf'ig'  5"  Verticaiil  section,  &oni  aido  to  Bide^  through  the  same  joint,  viewed  firotn 
hehind.  J,  cut  edge  of  temporal  houe  lit  zygoma.  B^  cut  ed^e  of  upht-noid.  C,  sptne 
of  sphenoid,  i>,  lower  jaw.  E  and  /*,  long  and  short  itvtemal  lateral  ligaments.  O, 
external  lateral  ligament.  H^  interarticular  fibro-cartilage,  with  the  fibro-Bynovial 
ligaments  passing  from  ita  edge  downwards  to  the  neck  of  the  jaw,  whence  the  Rynovial 
membrane  is  reflected  uj>on  the  lateral  ligaments  on  either  side  and  passes  upwards  to 
the  glenoid  cavity ;  so  that  the  articulsj-  space  above  the  fibro-cartilage  is  considerably 
larger  than  that  below  it. 

Fig,  4.  Vertical  section  &om  before  backwards  through  the  same  joiut^  with  the 
condyle  resting  in  the  glenoid  cavity;  the  mouth  being  shut,  A^  cut  edge  of  temporal 
hone.  Bf  [jost-glenoid  process.  C,  edge  of  tympanic  bone,  which  separates  parotidcan 
fossa  from  external  auditory  canal.  D,  thin  lamina  of  bone  separating  glenoid  cavity 
from  cranial  cavity.  E,  ridge  in  front  of  glenoid  cavity »  The  thick  hinder  edge  of  the 
interarticular  cartilage  {F)  is  in  the  deepest  part  of  the  glenoid  cavity;  its  thinner 
middle  part  hes  between  the/or«  part  of  the  condyle  and  the  kimhr  part  of  the  glenoid 
ridge;  its  antero-sujjcrior  fihro-synovial  ligament  {G)  is  on  the  stretch.  The  external 
pterygoid  muscle  {H)  is  connected  with  the  lower  eilge  of  the  fibro-cartilage,  with  the 
infero-autcrior  fibro-synovial  ligament  and  with  the  fore  part  of  the  condyle. 

Fig,  5.  Same  preparation,  with  the  condyle  drawn  forwards  upon  the  glenoid 
ridge,  the  mouth  lieing  open.  The  fibro-cartilage  has  advanced  with  the  condyle^ 
which  has  revolved  slightly  beneath  it ;  so  that  the  thinnest  part  of  the  fibro-cartilage 
now  intervenes  between  the  upi^r  surface  of  the  condyle  and  the  middh  of  the  glenoid 
ri<lge.  A  to  11  ^  the  same  as  in  prectsding  specimen.  /  and  A",  snpcro-  and  infero-pos- 
terior  hbrn-synovial  ligaments.     Lf  posterior  ligament  of  the  joint. 
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hold  it  m  its  place.  On  the  sides  the  cartilage  is  connected  with 
tJie  lateral  ligaments  by  loose  cellular  tissue,  which  peiiDits  it  to 
pass  freely  between  them  in  its  attendance  upon  the  movements  of 
the  condyle.  The  fibro-synovial  membranes,  or  ligaments,  leave 
the  hinder  edge  of  the  cartilage  and,  diverging  from  one  an- 
other, ran  some  distance  to  reach  the  upper  and  lower  attachment 
of  the  posterior  ligament.  The  fibro-synovial  membranes  at  the 
fore  part  of  the  intcrarticular  cartilage  ai*e  of  less  extent,  and 
proceed  upwards  to  the  fore  part  of  the  glenoid  ridge  and  dowii- 
wards  to  the  anterior  edge  of  the  condyle.  They  foiTU  the  only 
an(€?%or  ItffaTneiit  of  the  joint;  and  some  of  the  fibres  of  the  exter- 
nal pterygoid  are  inserted  into  them  and  into  the  edge  of  the  fibro- 
cartilagc  betv^^een  them.  The  synovial  sac  above  the  fibro-cartilage 
is  larger  than  that  below  it,  in  accordance  with  the  larger  size  of 
the  articular  surface  of  the  temporal  bone  in  comparison  with  that 
of  the  lower  jaw,  and  w^ith  t!ie  fact  that  the  cartilage  and  the 
condyle  slide  backwards  and  forwards  together  npon  the  glenoid 
ridge.  The  anterior  libro- synovial  ligaments  are  not  of  sufficient 
length  to  permit  the  fibro-cartilagc  to  pass  far  back  into  the  glenoid 
cavity;  accordingly,  when  the  mouth  is  shut,  the  liinder  thick  edge 
of  that  body  occupies  the  bottom  of  the  cavity  and  defends  the 
comparatively  delicate  lamina  of  bone,  which  forms  the  septum 
between  it  and  the  dura  mater,  from  the  pressure  of  the  jaw ;  and 
the  thinner  middle  part  inten^enes  between  the  glenoid  ridge  and 
the  anterior  surface  of  the  condyle  of  the  jaw.  (Fig.  4,  K) 
Movements  of  ^lic  cliicf  movement  of  tliis  joint  is  the  hinge-like 

the  joint.  ^^^  ^f  opening  and  shutting  the  mouth,  during  which,  in 
consec|uence  of  the  action  of  the  external  pterygoid  muscles,  and  of 
the  disposition  of  the  lateral  ligaments  just  described,  the  condyle 
advances  upon  the  glenoid  ridge.  It  should  not  pass  quite  to  the 
summit  of  the  ridge,  but  should  stop  a  little  behind  the  summit, 
where  it  is  so  situated  with  regard  to  the  temporal  masseter  and 
internal  pterygoid  muscles  that  when  they  contract^  for  the  purpose 
of  raising  the  ramus  of  the  jaw  and  sliutting  the  moutli,  they,  at 
the  same  time,  press  the  condyle  up  the  slope  of  the  glenoid  ridge 
back  again  into  the  glenoid  fossa.  By  this  oblique  sliding  of  the 
condyle  to  and  fro  npon  the  slope  of  the  glenoid  ridge  tw^o  points 
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are  attained.  First,  a  greater  range  of  movement  is  imparted  to  the 
alveolar  portion  of  the  jaw  by  a  given  amount  of  muscular  con- 
traction; and  secondly,  a  cutting  action  ia  given  to  the  incisor  teeth, 
in  consequence  of  the  lower  teeth  being  dra\\.ni  up  behind  the  upper, 
the  anterior  edges  of  the  former  being  at  the  same  time  kept 
opposed  to  the  hinder  edges  of  the  latter. 


Usually  the  advance  of  the  condyle  bejond  tjie  point 
^***''''=*'^  indicated  is  restricted  by  the  hinder' fibres  of  ttie  lateral 
ligaments,  and  by  the  posterior  ligament;  occasioually,  how- 
ever, when  the  mouth  is  opened  very  wide,  a.s  in  gaping,  the  condyle 
overshoots  its  proper  limits,  passes  over  the  summit  of  the  ridge,  and 
becomes  lodged  in  front,  coustituting  the  common  dislocation  of  the  jaw. 
In  that  fiosition  the  lateral  ligaments,  being  tightened,  prevent  the 
return  of  the  condyle  over  the  ridge,  and  the  contraction  of  the  muadea 
tends  rather  to  increase  the  displacement;  so  that  artificial  means  are 
requisite  to  restore  the  bone  to  its  proper  position.  This  may  usually 
be  done,  without  much  difficulty,  by  pressing  down  the  molar  and 
elevating  the  mental  portion  of  the  jaw.  The  dislocation  is  not  com- 
monly attended  with  any  laceration  of  the  synovial  membrane  or  other 
soft  parts ;  accordingly  the  patient  feels  no  inconvenience  directly  after 
it  has  been  reduced.  It  may  be  easily  produced  in  the  dead  subject.  It 
may  be  observed,  that  the  anterior  edge  of  the  glenoid  ridge  is  covered 
with  cartdage,  and  we  might,  therefore,  8npix»se  that  the  condyle  natu- 
rally plays  upon  this  pai-t;  but  it  is  not  so.  The  cartilage  here  is 
for  the  contact  of  the  interarticnlar  cartilage  and  not  of  the  condyle* 
which  in  the  ordinary  movements  never  reaches  the  front  of  the  glenoid 
ridge. 

Ytry  little,  if  any,  true  lateral  movement  of  the  iaw 

Latenauiovo-      ^  T  ,  ,  .  , 

jueutwidrot*.  is  possiblc,  in  conaequence  of  the  oblique  direction  of 
the  glenoid  cavities  and  of  the  condyles  which  are  slanted 
backwards  and  upwards  as  well  a3  inwards*  When  the  mental 
portion  of  the  jaw  is  moved  to  one  side  the  condyle  of  that  side 
rotates  slightly  upon  an  axis  drawn  perpendicularly  through  ita 
outer  part,  its  inner  edge  mounting  a  little,  and  the  opposite  con- 
dyle still  more,  upon  theii*  respective  glenoid  ridges.  Under 
ordinary  circumstances   however,    in  mastication,   both  condyles 
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advance  a  little  and  perform  a  slight  circular  movement  upon  the 
glenoid  ridges. 

ffingiKiiken^e.  The  hinge-like  movements  of  the  jaw,  in  opening 
mfiDtt  between  ^qj^  shutting  tlie  mouth,  are  principally  perfomied 
flbnwawtai^e;  between  the  condyle  and  the  fibro-cartilage,  in  the  lower 

other  mjare-  ..  ,  ^t**  ti 

mentt  »re  be-  8yno\nal  cavity  oi  the  joint,  in  the  movement  of  open- 
Jy^°^^*^'  ing  the  mouth  the  condyle  first  advances  a  little  beneath 
glenoid  c*Tity.  jj^g  fibro-cartilage,  bo  as  to  be  placed  more  under  its 
middle ;  and  then  revolves  beneath  it  upon  a  transverse  axis.  If 
the  movement  be  earned  Ixjyond  a  certain  point  which  is  the 
usual  limits  the  condyle  then  again  advances  a  little  further 
forward  under  the  cartilage.  In  the  other  movements — the  sliding 
forwards  and  backwards  and  the  rotatory  movements — the  car- 
tilage, owing  to  its  connection  with  the  jaw  and  the  external 
pterygoid  muscle,  accompanies  the  condyle  and  ever  presents  a 
concave  surface  to  it.  These  movements,  therefore,  are  chiefly 
performed  between  the  cartilage  and  the  glenoid  ridge  in  the 
iqiper  9yno\aal  cavity  of  the  joint.  Hence  the  interarticnlar  carti- 
lage performs  a  treble  office;  it  presents  a  concave  surface  to  the 
condyle  when  mounting  upon  the  glenoid  ridge;  it  presents  one 
surface  upon  which  the  hinge-like,  and  anotlier  upon  which  the 
sliding,  movement  of  the  jaw  may  take  place;  and,  forming  a  sort 
of  elastic  buffer  between  the  two  bones,  it  prevents  and  intercepts 
the  many  slight  jars  and  shocks  which  necessarily  occur  during 
the  process  of  mastication,  and  which  would  l>e  very  annoying  in 
this  situation. 

I  am  not  aware  that  any  variety  of  dislocation  has  been  descrilied 
except  the  one  just  mentioned  Mr  K,  W.  Smith ^  has  given  the 
account  of  a  "  congenital  dislocation,"  which  he  had  the  opportunity  of 
dissecting.  The  condyle  of  the  jaw  was  scarcely  developed  at  all ;  the 
transverse  root  of  the  zygoma  was  wanting,  and  thei-e  was  consequently 
no  glenoid  cavity;  indeed  the  whole  xygomatic  process  of  the  temporal 
bone  was  very  imperfect,  and  the  malar  bone  was  proportionately  long. 


^  Tiratite  on  Fradttra  and  certain  form*  qf  Aectdtnitd  and  CtmgtntUsl  DidocaticmM^ 
Dublin,  1847. 
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extending  back  to  within  half  an  inch  of  the  external  anditoiy  canaL 
This  joint  is  rarely  the  seat  of  anj  disease  except  '^  chronic  Rheomatio 
arthritis,**  which  gives  rise  to  the  same  alterations  here  as  in  other  partly 
destroying  the  cartilages  and  the  shape  of  the  articular  sorfEuses.  In  a 
young  woman,  in  whose  case  the  disease  was  the  cause  of  great  disoomfiirt 
and  distortion  of  the  hce,  I  excised  the  condyle  of  the  affected  joint 
with  very  good  result  \ 


'  A$»ociati<m  Medical  Journal^  1856,  p.  61. 
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OCCIPITO  ATLANTAL  JOINT.     (Plats  XIX.) 


Morementi. 


The  other  movealile  joint  of  which  the  cranium  fomis 
a  part — that,  namely,  between  the  occipital  bone  and 
the  spine^ — resembles  the  temporo-maxillajy,  in  that  it  consists  of 
two  symmetrical  joints  placed  one  on  either  side  of  the  middle  line, 
whereby  a  greater  width  is  given  to  the  basis  upon  which  the  head 
resta.  The  resemblance  is  further  carried  out  in  the  ohliqtie  direc- 
tion of  the  articular  surfaces  of  the  joints  with  regard  both  to  a  ver- 
tical and  a  horizontal  plane.  Thus  the  condyles  of  the  occipital 
bone  are  directed  obliquely  fi'om  within,  outwards  and  backwards, 
along  the  antero-lateral  edge  of  the  foramen  magnum ;  they  are 
convex  from  before  backwards  and  slightly  so  from  side  to  side ; 
and  their  surfaces  are  oblique,  slanting  upwards  and  outwards. 
The  chief,  if  not  the  only,  movement  is  of  a  hinge-! ike,  to-and- 
fro,  or  nodding  kind ;  it  takes  place  on  an  axis  diawn  transversely 
through  the  condyles,  or  a  little  above  them,  about  the  centre 
of  the  circle  of  which  they  both  form  a  segment,  I  have  found, 
in  addition,  in  some  instances,  a  slight  oblique  rotatory  movement 
in  the  direction  of  either  condyle,  upon  an  oblique  axis  drawn 
through  the  centre  of  the  circle  of  which  each  condyle  forma  a  seg- 
ment. It  was  very  slight  in  any,  and  in  some  it  could  not  be 
produced  at  all  without  separating  the  articular  surfaces ;  by  this 
movement  the  face  is  turned  upwards  and  to  the  left,  or  down- 
wards and  to  the  right,  or  in  the  diagonal  directions,  as  may  be 
required.  No  lateral  movement  is  possible^  and  very  little,  if  any, 
inclination  to  either  side,  or  rotation  upon  a  truly  vertical  axis* 

The  ligaments  are  disposed  as  follows:    (1)   The 
Capsular  ligament  passes  between   the   corresponding 
articular  edges,  and  covers  in  the  cavity,  on  either  side  \  it  ia  not  very 
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strong.    (2)  Tlie  Posterior  li(jament  (fig.  2,  /)  passes  from  the 
gin  of  the  occipital  hole,  behind  the  condyles,  to  the  upper  edge  ol 
the  posterior  ring  of  the  atlas.   It  is  perforated  by  the  vertebral  artery 
and  the  suboccipital  nci've  on  either  side.     It  is  not  very  stroiigii 
and   htis  not  much  influence  upon  the  movements  of  the  joiat^ 
even  upon  the  nodding  forwards,  for  it  can  scarcely  be  rendered 
tense  by  forced  flexion  of  the  Lead  upon  the  spine ;  that  movement 
is  brought   to  a  stop  chiefly  by  tlie  ligaments  passing  over  the 
odontoid  process,  before  this  ''posterior  ligament"  is  fully  on  tho 
stretch.     Though  corresponding  in  situation  with  the  Liffajnentm^ 
siihjlava  it  has  little  or  no  clastic  tissue  in  its  composition.     (3)  The- 
Anterior  Ugament  (fig,  1,  G)  passes,  from  the  anterior  and  upper 
margin  of  the  atlas,  to  the  under  surface  of  the  occipital  bone,  be- 
tween and  in  front  of  the  condyles.     It  is  of  considerable  strength, 
especially  in  the  middle,  and  limits  the  elevation  of  the  face  or  throw- 
ing back  of  the  head  upon  tlie  spine.     The  lateral  portions  of  it  are 
disposed  obliquely,  nnining  from  the  fore  part  of  the  condyles  of  tlie 
occipital  bone,  downwards  and  outwards,  to  the  fon?  part  of  the 
articular  processes  of  the  athis.     A  thick  bmidle  of  fibres,  on  either 
side,  attached  to  the  inner  edge  of  the  foramen  lacenim,  and  passing 
downwards  and  outwards  to  the  base  of  the  transverse  process  of 


DESCHIPTION  OF  PLATE  XIX. 

Fig.  T,  Anterior  view  of  occipito-atknta!  and  atUiito-axoid&l  jointa,  A^  the  cut  ' 
Hurface  of  basilar  portion  of  occipital  bone.  Bf  B,  ditto  of  jtjgnlar  portietia.  C,  O, 
traDSveTte  prooeeaes  of  atlas.  I),  ditto  of  axis.  E,  lower  edg«  of  body  of  axis. 
Ff  the  tiibercle  on  the  fore  part  of  the  ring  of  the  athvs,  with  the  thick  midille  portion 
of  the  anterior  oocipito-atlaotal  ligafnent  ascending  from  it  to  the  occipital  bone,  iuxd 
the  middle  portion  of  the  anterior  atlanto-axoidal  ligament  descending  from  it  to  the 
hoiiy  of  the  axla.  G,  lateral  portion  of  the  aot«rior  occipito-atlantal  Egament  iT, 
anterior  oblique  ligament.  I,  middle  and  lateral  portions  of  anterior  atlanto-axoidal 
ligament. 

Fig.  a.  Posterior  view  of  the  ligamenti  iiniting  the  hinder  parts  of  occipital  bone, 
aiUs,  and  axis.  A,  J,  cut  edge  of  occipital  bone.  B,  B,  mastoid  prooeaaes.  C,  C^ 
styloid  ditto.  Dt  body  of  suda.  E^  edg©  of  foramen  magnum.  F^  arch  of  atlas. 
Q^  Of  tnmBverse  procesaes  of  atlaa.  H,  arch  of  axis.  /,  jwsterior  occipito-atlantal 
ligament,  i",  JST,  posterior  oblique  occipito-atlantal  ligami^iits.  X,  the  jKJsterior  atl&nto* 
axoid&l  ligament.  M^  the  lateral  jointa  between  atlaa  and  axis  exposed  1 
of  the  capflular  ligaments ;  part  of  the  latter  la  left  at  iV. 
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the  atlas,  Is  Bufficiently  marked  to  be  called  (4)  the  Anterior  oblique 
ligament  (fig,  IjH),  Behind  there  is,  on  either  side,  a  still  stronger 
ligament,  wliieh  may  be  called  (5)  the  Posterior  oblique  ligament 
(fig.  2,  K)^  passing  from  the  posterior  edge  of  the  articulating 
process  of  the  atlas,  where  it  overliangs  the  groove  for  the  verte- 
bral arterj",  upwards  and  backwards,  along  the  margin  of  the  fora- 
men magnum,  so  as  nearly  to  meet  its  fellow  in  the  middle 
line.  These  ''oblique  ligaraent^/'  in  addition  to  their  influence 
in  limiting  or  preventing  rotation  of  the  occiput  upon  the  atlas, 
assist  to  hold  the  two  bones  together,  and  have  some  effect  in 
limiting  the  nodding  movements  of  the  head  upon  the  spine. 


ATLANTO-AXOIBAL  JOINTS.    (Plates  XIX.  XX.  XXL) 


The  jniuts  between  the  atlas  and  the  axis  conrcspnud  T\^th 
those  between  the  other  vertebrge  in  consisting  of  a  middle  and 
two  lateral  parts  distinct  from  each  other.  They  differ  from  them, 
however,  in  that  the  middle  joint  is  composed  of  a  pin  or  pivot 
projected  from  one  bone  as  the  centre  around  which  the  other  bone 
plays. 

Theuterai  "^^^  Lateral  joints  may  be  regarded  as  balancing 

joiau,  props  which  maintain  the  level  of  the  atlas.    They  also 

limit  its  movements  to  rotation  in  a  horizontal  j)lane,  and  support 
it  in  sucli  a  manner  that  the  central  pivot,  formed  by  the  odontoid 
process  of  the  axis,  is  relieved  from  pressure  and.  is  free  to  play 
in  its  socket,  or  rather  its  socket  is  free  to  revolve  upon  it. 
Shape  of  the  Like  thosc  of  the  joints  of  the  lower  jaw  and  of  the 

irtkiiiiirfMei*.  occiput  With  the  atlas,  the  articular  facets  of  these  lateral 
atlanto-axoidal  joints  are  set  obliquely  in  two  directions,  viz.  they 
are  sloped  from  above  doT\mwards  and  outwards,  and  from  before 
backwards  and  downwards.  Those  of  the  atlas  are  of  about  the 
same  size  as  those  of  the  axis;  but  they  are  not,  in  shape,  very 
well  adapted  to  each  other.  The  articular  facets  of  the  axis  are 
decidedly  convex  in  the  antero-posterior  direction,  and  slightly  so 
from  within  outwards,  the  rise  in  the  middle  being  increased  by 
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the  cartilage,  which  ia  thicker  at  that  part  than  at  the  sides.  The 
corresponding  articular  facets  of  the  atlas  are  also  slightly  convex, 
lo  the  dry  bones  the  latter  are  flat  or  even  concave,  but  in  the  recent 
state  the  central  depression  is  filled  up  by  the  cartilage,  which, 
as  in  the  corresponding  position  upon  the  facets  of  the  axis,  is 
thicker  in  the  middle  than  at  the  side^.  Thus  there  are  two  flat,  or 
slightly  convex,  surfaces  playing  upon  two  facets  which  are  dis- 
tinctly convex*  It  m  obvious  that  had  the  surfaces  of  the  atlas 
been  concave,  so  as  to  adapt  them  to  those  of  the  axis,  the  sliding 
movement,  which  is  the  essential  one  of  this  joints  would  have  been 
impeded  or  prevented. 

soarmneixiai  Why  then  do  they  not  both  present  plane  snr&cea? 

uni^^Tmiou  '^'^^  arrangement  of  the  ligaments  about  the  central 
of  iigunenta      muit  ^^"111  exT>lain  this.     lu  the  ordinarv  position,  with 

indifferent  ''  ^  .  '' 

pc«itioaa.  the  face  directed  fonv;irds,  the  middle  parts  of  the  arti- 
cular facets  of  the  atlas  rest  upon  the  middle,  most  prominent,  or 
highest  parts  of  those  of  the  axis,  those  portions  of  each  which  are 
covered  with  the  thickest  stratum  of  e^irtilage  are  in  contact,  and 
a  considerable  interspace  exists  between  their  marginal  parts  all 
around.  This  interspace  is  occupied  by  a  fringe-like  process  of 
synovial  membrane  and  fiit,  hanging  from  the  capsule,  (PL  XXI> 
fig.  3,  G),  When  the  face  is  directed  to  one  side,  the  articular 
facets  of  the  atlas,  sliding  upon  those  of  the  axis,  project  (one  for- 
wards and  the  other  backwards)  beyond  them,  and  the  middle 
parts  of  the  former,  leaving  the  middle  higher  parts  of  the  latter, 
descend  gradually  towards  their  respective  anterior  and  posterior 
edges  which  a^jc  situated  upon  a  lower  plane.  Hence,  when  the 
face  is  directed  to  one  side,  the  atlas  is  placed  at  a  somewhat 
lower  level  than  when  we  look  straight  forward;  the  difference 
ennsisting  in  the  difference  of  altitude  of  the  middle  of  the  articular 
facets  of  the  axis  above  their  anterior  and  posterior  marginal  por- 
tions. In  accordance  with  this,  if  the  anterior  tubercle  of  the  atlas 
be  observed,  when  the  rotatory  movement  of  this  bone  upc>n  the 
axis  is  made  to  take  place,  it  will  be  seen  to  describe  a  curve 
in  its  passage  from  one  side  to  the  other,  the  highest  point  of 
the  curve  being  attained  when  it  is  in  the  mid-position.  The  object 
of  this  arrangement  is  to  maintain  the  ligaments  that  connect  the 
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axis  with  the  occiput  always  in  a  state  of  tension,  so  aa  to  ensure 
the  security  and  steadiness  of  these  parts,  which  is  most  iniportant» 
under  all  circumstances,  and  in  all  positions  of  the  he^^d.  For 
instance,  when  the  face  is  directed  forwards,  the  atlas  resting  upon 
the  most  prominent  portions  of  the  axis,  and  the  occiput  heing 
thereby  distanced  from  the  axis,  the  ligaments  connecting  these 
two  bones,  and  running  straight  from  one  to  the  other,  are  quite 
tense.  During  rotation  to  either  side,  the  slight  increase  of  distance 
between  the  points  of  attachments  of  the  ligaments  that  would  be 
effected  by  the  shifting  of  the  bones  is  just  compensated  for  by  the 
approximation  of  one  bone  to  the  other,  in  consequence  of  the 
atlas  sliding  on  to  the  lower  parts  of  the  articular  surfaces  of  the 
axis ;  so  that  no  change  of  distance  really  takes  place  between 
the  points  of  attachment  of  the  ligaments,  and  the  latter  remain 
equally  tight  in  every  position.  Were  there  not  some  proTision 
of  this  kind,  either  the  ligaments  could  not  be  always  quite  tight, 
or  the  rotatory  movement  could  not  take  place.  As  it  is,  both 
ends  are  accomplished V.  This  point  will  be  again  alluded  to 
presently,  and  will  be  understood  more  clearly  when  the  anatomy 
of  the  ligaments  of  the  central  joint  has  been  described. 
Dipioiar  ^^^  Capsular  membranes  (PI.  XIX.  fig.  2,  N;  XX. 

u^ftmenL  gg^  3^  jy^  ^f  these  lateral  joints  are  very  loose,  to  per- 
mit the  easy  sliding  of  one  surface  upon  the  other.  They  are  not 
strong,  and  have  little  to  do  in  holding  the  bones  together,  though 
they  may  have  some  influence  in  limiting  the  extent  of  rotation  of 
one  upon  the  other, 
,     ^  The   Anterior    ailantchaxoidal  ligament  (Ph   XIX. 

Anterior  ^  ^  . 

atiantq-axoidai  fig,  1,  /)  covcrs  the  interval  between  the  two  bones  in 
front,  passing  from  t!ie  anterior  surface  of  one  bone  to 


^  We  very  often  find  in  otber  jointa  that  tlie  obliquity  of  the  moTetnentii  and  the 
ohliqiie  direction  of  the  ligamontJi  are  ao  oirftnged  with  reference  to  one  another  that 
all,  or  nearly  all,  the  fibres  of  the  latter  raAintain  their  tensiioD  in  every  [Ktsitioii ;  but 
in  a  joint  where  one  bone  rotates  upon  another  in  a  truly  horizontal  plane  this  would 
be  impossible.  The  fihi^et  of  ruch  a  Joint,  which  are  tense  in  one  position,  must  be 
relaxed  if  any  movemetit  takes  place ;  and  it  \e  to  avoid  the  loss  of  strength  conse^iaent 
on  Buch  relaxatton  thai  the  ailaa  describes  the  slight  curve  above  mentioned  in  its 
rotation  upon  the  axis. 
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the  anterior  surface  of  the  other.  In  the  middle  it  forms  a  thick, 
promiiieut,  vertical  band.  On  either  gide  the  fibres  are  more 
spread  out  and  descend  oiore  obliquely  from  the  atks  outwardB  to 
the  axis*  Tlie  middle  portion  is  tense  in  every  position  of  the 
bones.  The  lateral  bauds  limit  the  rotation  of  the  one  bone  upon 
the  other,  and  are  tense  only  when  that  movement  is  carri^  to 
its  greatest  extent. 

The  central  ^^^^^  Cm^ral  portimt  of  the  atlauto-axoidal  ai-ficula- 

joiDL  ii^-yj^  consists  of  the  odontoid  pivot,  with  the  fore  part  of 

the  atlas  and  the  transverse  ligament  playing  like  a  collar  round  it. 
Tlie  pivot  is  very  strong ;  and  its  neck  is  strengthened  by  a  ridge 
desccuding  from  it^  anterior  articular  facet  upon  the  foi-e  part  of 
the  bftdy  of  the  axis,  and  by  another  ridge  descending,  on  either 
side,  towards  the  anterior  part  of  the  transverse  process.  In  fronts 
it  is  in  contact  with  the  arch  of  the  atlas,  which  forms  the  fore 
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Fig.  I.  Vertical  atHitlon  from  before  backwards,  in  middle  line,  through  occi] 
and  upper  throe  conical  vertobrfle,  J,  bsuiilar  portion  of  occipital  bone.  B,  anterior 
arch  of  atbte  lying  ujmju  the  odoDti)id  process  of  the  axis,  C,  anterior  occipito-atlantal 
Ugaioent,  I),  anterior  atlanto-axoidal  ligament.  B^  poaterior  viirttbral  ligament.  F, 
oervico-basilar ;  6^",  traniiveraej,  and  11,  H,  vertical  portioiw  of  crucial  ligament.  The 
fftt  which  occupied  the  interval  between  the  Humniit  of  the  odontoid  proeesa  and  the 
occipital  boue  baa  bet-n  removed. 

Fig.  1.  Similar  section  through  the  basilar  portion  of  occipital  bone  and  the  odon- 
toid process,  showing  the  s^ne  trmiBTvne  ^J  vertical  parts  of  the  crucial  ligameQi 
more  clearly,  in  conseqiifiice  of  the  piwterior  vertebral  and  cenrico-basilar  ligamonts 
having  been  removed.  The  transvenrae  ligament  is  on  a  lower  level  than  the  arch  of 
the  atlas.     The  letters  refer  to  the  sune  parts  as  in  precoding. 

Pig.  3*  Posterior  view  of  joints  between  occiput  and  first  two  rertebrw.  A^  tlie 
cut  edge  of  basilar  portion  of  occipital  bone»  The  hinder  part  of  the  occipital  bono 
and  the  arches  of  the  vertebne  have  been  removed  bj  a  vertical  section  ma^le  from  side 
to  side  through  the  lateral  jointe,  so  m  to  show  the  shape  of  the  articulating  surfaofl* 
of  (i?)  the  occipital  condyle,  {€)  the  atlas,  and  {Uf\  the  dentata.  E^  the  trans vene 
process  and  arch  of  th©  third  cervical  vertebra,  Tlie  section  continued  verticaJly  down- 
wards has  passed  in  front  of  the  articulating  processes  of  the  third  vertebra*  The 
posterior  vertebral  ligament  baa  been  removed,  with  the  exception  of  the  portion  {F) 
which  has  been  reflected ;  the  ccnrioo- basilar  ligament  {G)  has  also  been  divided  and 
reflected  from  {H),  its  point  of  attachment  to  the  second  vertebra,  for  the  purpose  of 
displaying  the  crucial  ligament  (/)  beneath  it.  1",  the  left  odontoid  ligament.  L^  cap* 
sular  ligament  of  occipito-atlantal  joint.     JT,  ditto  of  atianto-axoldal  joint. 
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PoirterloT 
rertebnJ 
ligament. 


part  of  the  encircling  collar ;  and  there  are  mutually  adapted  small 
articular  facets  on  the  opposed  Biirface^^  of  the  bones.  Behind,  it 
presents  also  an  aiiicular  facet  adapted  to  the  hinder  part  of  the 
1  collar,  which  is  formed  by  tlie  strong  transyerse  ligament,  Tlie 
joint  with  the  arch  of  the  atlas  is  on  a  higher  level  than  that  with 
the  transverse  ligament  (PL  VII.  fig,  6,  page  129 ;  and  PL  XX, 
figs.  1  and  2). 

The  disposition  of  the  Transverse  ligament  and  of  the 
other  ligaments  on  the  back  of  the  odontoid  process  ia  as 
follows.  If  the  vertebral  canal  and  the  cranium  be  laid 
open  from  behind,  and  the  nervous  centres  be  removed,  the  smooth 
shining  surface  of  the  dura  mater  passing  from  the  spine  to  the  skull 
is  exposed.  It  is  here  not  very  thick ;  and,  if  it  be  dissected  off, 
the  Posterior  vertehral  liffameni-  is  seen  ascending  from  the  posterior 
surface  of  the  bodies  of  the  vertebra,  over  the  odontoid  process, 
to  the  interior  of  the  base  of  the  skull,  where  it  acquires  attachment 
to  tlie  various  projecting  bony  points  that  suiTound  the  bodies  of 
the  occipital  and  sphenoid  bones.  It  readies  as  far  as  the  posterior 
clinoid  processes  and  the  hinder  edges  of  the  petrous  portions  of 
tlie  temporal  Ixmes,  It  has  also  a  connection  with  the  bodies  of  the 
third  and  fomth  vertebrae;  but,  between  them  and  the  points  of 
bone  just  mentioned  at  the  base  of  the  skull,  it  lies  upon  another 
stratum  of  ligament  resembling  itself,  yet  distinct  from  it, 
c*rvico>biudiw  This,  whii!h  may  be  called  the  Cerm'co-bmilar  liga* 

ligament  ^^^^f  ^pi_  XX.  fig.  3,  6*  and  H)^  is  a  very  thick,  strong 

structure,  connected  below  with  the  lower  edge  of  the  body  of  the 
axis,  and  with  the  upper  part  of  the  body  of  the  third  cervical 
vertebra.  It  is  narrow  at  first,  gradually  spreads  out  as  it  passes 
over  the  odontoid  process,  and  is  attached  to  the  base  of  the  skull 
beneath  the  posterior  vertebral  ligament  and  in  a  somewhat  nar- 
rower circle.  It  must  be  reflected  to  expose  the  third  and  deepest 
layer  of  ligaments,  which  is  also  very  sti-ong  and  has  been  named 
Ligamen t um  cruciat um , 

Ligamentum  ^*  ^^7  ^^^7  ^^^^  ^  ^^  designated,  for  it  is  of  cruci- 

*™***^*'  form  shape.  Its  stronger  portion,  which  is  transverse, 
and  called  the  Transverse  ligament  (PI.  XXI.  fig.  1,  ^),  extends  from 
one  side  of  the  anterior  arch  of  the  atlas,  close  to  the  iuner  edge 
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of  the  articular  surface  for  the  occipital  condjles,  behind  the  odon- 
toid process,  to  the  corresponding  point  on  the  opposite  side.  It  is 
a  quarter  of  an  inch  in  depths  is  very  thick  and  strong,  and  its 
anterior  surface  plays  upon  the  smooth  posterior  surface  of  the  odon- 
toid process,  from  whicli  it  is  separated  by  a  synovial  sac.  From 
its  office  of  holding  the  odontoid  process  in  place  and  of  protecting 
the  medulla  oblongata  from  the  pressure  of  that  process,  it  may  be 
regarded  as  the  most  important  ligament  in  the  body  ^  The  vertical 


; 


*  A  ligament  coireaponding  to  thia  trAnsYerse  ligameot  hM  heen  described  bj 
Professor  Mayer,  of  Bonn»  Mtllltr*a  Archiv^  i8?.4i  to  ©liet  in  the  dorsal  p*rt  of  the 
coliuELn  of  cats  and  some  other  &nimals.  It  extends,  between  the  ribs,  ^'Uiayeraiely 
across^  behind  the  intervertehnii  subatanee.  He  desi^fttea  it  Lifjamentum  cottarum 
eonjugalt.  In  man  it  is  reduced  to  fibres  pusing  from  the  angle  between  the  articukr 
facets  00  the  head  of  the  rib  to  the  intervertebral  Hubstunce. 

Gmber^  Mtiller*B  jlrcAtv,  1851,  describes  an  "appendix"  passing  from  the  deepest 
stratum  of  the  transverse  ligament  upwards  and  forwards  to  the  summit  of  the  odcn* 
toid  process.  He  gives  also  mi  elaborate  account  of  the  synovial  taca  and  bums 
coiiGected  with  the  artlculatinn  of  the  atlas  with  the  odontoid  process. 


DESGRIPnON  OF  PLATE  XXL 

Fig.  f.  Horizontal  section  ihrough  oecipito-atlantal  and  atlanto-axoidal  jomta. 
A^  Af  A,  cut  surface  of  anterior  tubercle  and  arch  of  atlas.  B,  Bt  transverse  proceeaea 
of  ditto.  C,  cut  surface  of  odontoid  process,  just  below  it«  summit.  The  baw  has 
pasied  through  the  joint  between  the  procesa  and  the  fore  part  of  the  ring  of  the  atlaa, 
but  above  the  joint  between  the  procesa  and  the  trauiverse  ligament  (Z?),  which  is  on 
a  lower  leveK  Jf,  cut  edge  of  occipital  bone.  F,  fur.ameTi  magnum.  <?,  cut  aurfacc  of 
occipital  condyles,     M^  odoctoid  ligatueotp 

Fig.  1.  Sim'dar  section  at  a  lower  level.  The  saw  hna  passed  just  beneath  the 
anterior  part  of  the  ring  of  the  atlas  and  through  the  transverse  ligament  (D).  The 
atlaa  {A,  A,  B,  B)  is  pressed  a  little  backwards^  so  as  to  expose  the  articulating  sur&oea 
of  the  axis  (/,  /\  and  show  thu  synovial  cavity  between  the  transverse  ligament  aitd 
the  odontoid  process.  The  occiput  has  been  quite  removed.  A",  the  divided  middle 
portion  of  the  anterior  atlanto-axoidal  ligament.     L,  spine  of  atlas. 

Fig.  3.  Vertical  flection,  from  before  backwards  through  the  occipitoatlantal  and 
the  atlantoaxoidal  joints  of  right  side,  showing  the  shape  of  the  articular  surfaces. 
A ,  basilar,  B,  condyloid,  and  C,  post-con dvloid  parts  of  occipital  bone»  D,  atlas.  B, 
axis.  F,  part  of  anterior  ocdpito-atlantal  ligament,  ff,  anterior  atlanto-axoidal  ligm- 
ment,  with  tri^lnglilar  fatty  synovial  appendage  projecting  into  the  interval  between 
the  articulio-  surfaces.  If,  third  vertebra.  /,  the  arch  formed  by  the  lateral  portion 
of  the  axis  over  the  intervetcbral  foramen  (p.  317).  JT,  the  body  of  axis,  Lg  inferinr 
articulating  facet  resting  upon  superior  articulating  facet  of  third  vertebra. 
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part  (PL  XX.  fig,  1,11)  of  tlie  ligamentum  cmciatum — 
the  Od(mtO'basilar  ligament  as  it  may  be  called — ^is  situ- 
ated posterior  to,  though  in  close  connection  with,  the  transverse 
ligament,  and  derives  some  fibres  from  it.  It  consists  chiefly  of 
fibres  nmning  in  parallel  bundles  from  the  hinder  surface  of  the 
body  of  the  axis,  jnat  below  tlie  root  of  the  odontoid  process,  to 
the  upper  edge  of  the  basilar  process  of  the  occipital  bone,  which 
forms  the  margin  of  the  foramen  magnum.  It  is  the  third  and 
deepest  of  the  three  ligamentous  strata  which  pass  respectively 
from  the  4tli,  the  Srd,  and  the  2nd  cervical  vertebra,  over  the 
odontoid  process,  to  the  base  of  the  skull,  and  which  assist  to  hold 
that  process  in  its  place,  and  to  prevent  the  head  from  falling 
forwards  upon  the  spine.  These  three  ligaments  check  the  nod- 
ding movement  of  the  head  forwards;  forasmuch  as  tliey  are  ren- 
dered tense  by  that  movement  before  the  *' posterior  occipito-atlan- 
tal  ligament*'  is  put  upon  the  stretcli,  and  they  are  far  stronger 
than  it. 

Now,  forasmuch  as  all  these  ligaments,  and  particularly  the 
odonto-basilar,  run  in  nearly  parallel  lines  from  their  respective  cct- 
vical  vertebrae  to  the  occiput,  it  Is  clear  that  their  complete  tension 
in  RTij  one  position  of  the  joint  would  be  incompatible  with  rotation 
of  the  atlas  upon  the  axis  into  any  other  position,  if  that  rotation 
took  place  in  a  truly  horizontal  plane.  It  is  to  meet  this  difficulty 
by  giving  a  slightly  curvilinear  movement  to  the  atlas  upon  the 
axis,  that  the  peculiar  construction  of  the  facets  of  the  **  lateral 
occipito-atlantal  joints''  descrilicd  in  page  310  is  provided, 
odontoid  Ub»-  '^^^  Odontoid  ligaments  {PI.  XXI.  fig.  1,  H)  are  of 

menu.  great  strength.     They  extend   from   the  sides  of  the 

apex  of  the  odontoid  process,  transversely  outwards,  to  the  rough 
inner  edges  of  the  anterior  halves  of  the  occipital  condyles.  They 
He  immediately  above  the  sides  of  the  ''transverse  ligament," 
crossing  tliem  obliquely,  and  coming  into  contact  with  the  "  odonto- 
basilar  ligament/*  They  limit  the  rotatory  movements  of  the  head 
and  atlas  upon  the  axis ;  and,  binding  the  occiput  firmly  to  the 
odontoid  process,  they  contribute  very  much  to  steady  the  head 
and  prevent  its  lateral  inclination  upon  the  spine.  Such  a  check 
is  required  to  be  of  considerable  strength,  in  consequence  of  the 
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great  transverse  diameter  of  the  head ;  and  there  is  no  other  liga- 
ment performing  that  office  at  all  to  be  compared  in  eiBciency  with 
these  odontoid  ligaments.  Some  of  tlie  fibres  of  the  odontoid  liga- 
menta,  meeting  together  in  the  middle  line,  and  passing  from  the 
snmmit  of  the  odontoid  process  to  the  basilar  part  of  the  occiput, 
have  been  called  the  Suspetisory  UgamenL  They  are  few  in  nnm* 
ber,  and  do  not  deserve  a  separate  name. 

Covered  by  what  I  have  named  the  "  cervico-basilar  ligament" 
there  are  interspaces  between  the  several  structurea — in  front,  and 
either  side,  of  the  "  odonto-basilar"  ligament,  about  the  od^ontoid 
ligaments,  and  between  the  odontoid  process  and  the  occipital 
bone — ;  these  are  filli'd  with  fine  soft  fat,  offering  little  or  no  impe- 
diment to  the  movement  of  the  several  parts  on  each  other. 

It  has  been  found  by  experiments  made  by  Weber 
h«*dupodcon-  and   others,  and  repeated   by    myself,    that   the    head 
balances  upon  the  occipital  condyles  a  little  in  fi^nt  of 
their  middle,  when  placed  in  such  a  position  that  the  eyes  are 
directed  slightly  upwards.     The  exact  amount  of  elevation  required 
must  differ  in  diilercnt  cases.     So  near  an  approach  to  a  balance 
upon  the  condyles  in  this  position  is  (jnitc  peculiar  to  man,   is 
associated  with  his  erect  form,  and  is  a  great  relief  to  the  mus- 
cles of  the  back  of  the  neck,  upon  which  the  weight  of  the  head 
is  dependent  in  the  lower  animals.      In  them  the  weight  is    so 
adjusted  as  to  render  an  elastic  "ligamentum  nuchje'*  and  great 
prominence  of  the  dorsal  spines  necessary.      In   man,   the  latter 
are  much  suppressed,  and  the  former  structure  is  quite   absent, 
being  replaced  by  an  intemmscular  septum  or  fascia,  which  may 
contribute  to  prevent  tlie  head  falling  too  far  forwards  upon  the 
Bpine,  but  which  can  have  little  or  no  influence  in  maintaining 
it  in  its  usual  position.     Under  ordinary  circumstances,  when  the 
eyes  are  directed  straight  fonvard,  or,  which  is  still  more  com- 
mon, when   they  are  inclined   a  little   downwards,   the   head  is 
indebted  for  the  maintenance  of  its  position  to  the  muscles   of 
the  back  of  the  neck.     Hence,  when  those  muscles  cease,  to  act 
as   during   sleep,   or  from   other   cause,   the    head   falls   forward 
upon  the  chest ;  unless,  indeed,  the  face  happen  to  have  been  so 
much  raised  that  the  line  of  gi-avity  of  the  head  is  in  a  plane 
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l>ehmd  that  of  the  coodyles^  Again,  when  the  muscles  have  he- 
come  weakened  by  a  blow,  by  rheumatism,  or  by  age,  so  that  they 
cease  to  give  efficient  support  to  the  head,  the  chin  gradually  pokes 
downward  and  forward,  the  stretched  muscles  give  less  and  less 
assistance,  and  a  good  deal  of  pain  is  caused  by  the  weight  of  the 
head  dragging  upon  the  ligaments  of  the  neck,  unless  mechanical 
assistance  be  given.  I  have  found  very  great  relief  affurded  in 
such  cases  by  a  light  metal  collar  supporting  the  chin  and  rest- 
ing upon  the  chest* 

The  weight  of  the  head,  transmitted  through  the  condyles  and 
the  articular  parts  of  the  atlas,  falls  upon  the  axis  on  either  side  of 
the  odontoid  process,  so  that  the  line  of  gravity  may  be  said  to  run 
through  that  process.  The  mtperior  articular  facet  of  the  axis, 
on  either  side,  forms  a  bridge  over  the  second  intervertebral  fora- 
men, resting  with  one,  the  larger,  pillar,  upon  the  body  of  the 
axis,  and  with  the  other,  the  smallerj  pillar,  upon  the  infirior 
articular  facet  of  the  same,  %vhich  is  in  a  plane  behind  the  upper 
one  (PL  XXI.  fig.  3,  /,  A',  L).  The  weight  is,  therefore,  trans- 
mitted, through  the  superior  articular  facet  of  the  axis,  in  great 
measure,  to  the  bodies,  and,  in  a  lesser  degree,  to  tlie  articular  por- 
tions of  the  aubjacent  vertebre^ ;  and  it  is  borne  chiefly  by  the 
bodies  and  partly  by  the  articular  processes  all  down  the  spine, 
OMnbiiiRtion  of  When  we  consider  the  great  weight  and  size  of  the 
itreagthwith     head,  the  weight  being  in  greater  projx»rtion  to  the  size 

tmtiom  of 

maremm%.  than  that  of  any  other  part  of  the  body  at  all  approach- 
ing it  in  magnitude,  we  cannot  fail  to  1x3  struck  with  the  admirable 
manner  in  which  it  is  bonie  upon  its  narrow  cerWcal  stem:  so 
continuously — commonly  all  the  day  long — yet  without  fatigue: 
BO  steadily  and  securely,  that  it  is  a  favourite  part  upon  which  to 
carry  burdens,  yet  capable  of  such  varied  and  rapidly  executed 
movements.   This  is  attained,  in  great  measm-e,  by  its  being  placed 


*  It  may  be  observed,  accordingly,  that  when  a  peraon  nod§  in  sleep,  into  which  ho 
lias  fallen  in  the  aitttng  posture,  the  movement  takes  pJace  forwards  or  bftckw&rda 
mooording  ti>  the  degree  of  inclination  of  the  head.  If  the  eyes  bo  directed  fftrdghl 
forwfcrdfl,  or  a  Httle  downwards,  the  nodding  ia  forwanls;  if  they  be  directed  mora 
upwards,  the  nodding  is  backwards. 


THE  THOBAX. 


Generft]  con- 
ximctlou  uid 
pectillAiltles 
IndJlferenl 


The  thorax,   or  middle  part  of  the  skeleton,  is  a 
bony  case  affording  support  and  protection  to  the  great 
organs  of  nutrition ;  that  is  to  say,  to  the  organs  of 
digestion,  of  respiration,  and  of  circulation.     It  is  con- 
atnicted  on  a  unifonn  plan  throughout  the  vertebrate  kingdom, 
being  foniied  by  the  spinal  column  behind,  by  the  ribs  on  either 
side,  and  by  the  steniuin  in  frtnit.     All  tliese  parts,  however,  are 
not  invariably  present ;  thus  in  the  Frog  there  is  a  sternum  which 
serves  to  carry  the  upper  extremities,  but  there  are  no  ribs,  or  only 
rudimentary  ones;  in  Snakes  there  is  no  sternum ^  but  numerous 
ribs,  whrch  supply  in  part  the  place  of  limbs,  inasmuch  as  they 
assist  in  progression.     The  length  of  the  thorax  and  the  number  of 
pieces  of  which  it  is  composed  vary  ver}'  greatly  in  different  ani- 
mals.    In  Mammals  the  cavity  is  di\dded  into  two  parts  by  the 
diapliragm  stretching  across ;  of  these  the  upper,  or  thorax  proper, 
contains  the  heart  and  lungs;  and  the  lower,  or  abdomen,  covers, 
more  or  less  completely,  the  stomachj  liver,  spleen,  kidneys,  and 
alimentary  canal.     In  all  the  lower  orders  of  mammak  the  antero- 
posterior diameter  of  the  upper  division  of  the  thorax  exceeds  the 
transverse.      In  Quadrumana   the  transverse  diameter  equals   or 
exceeds  the  antero-posterior ;  but  not  to  so  great  a  degree  as  h 
Man.     In  him  the  thorax  is,  in  an  especial  raamier,  spread 
laterally ;  and  it  is  also  pressed  backwards  for  the  purpose  of  assist- 
ing to  balance  the  body  in  the  erect  posture.    In  many  animals  the 
bony  part  of  the  thorax  reaches  almost  to  the  pelvis ;  but  in  man 
it  is  shortened,  for  the  puq^ose  of  permitting  a  free  range  to  the.^ 
flexion  and  extension  of  the  trunk;    and,  for  the  same  purpose," 
the  lowermost  ribs  are  of  small  size,  are  very  moveable,  and  are 
fixed  only  by  one  end ;  and  the  ribs  immediately  above  these  are 
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slanted  upwards  towards  the  median  Hue,  and  are  attached  to  tlie 
sternum  bj  long  flexLible  cartilages. 


THE  STEBNUM.    (PLATKa  XXn,  and  XXIU.) 

y^ternttmi?  Tlic  human  sternum,  in  couformity  witli  the  shape 

broad  in  mAti.  ^f  ^|jp  clies^t,  13  broad  in  projiortion  to  its  length  as  com- 
pared with  the  stemmn  of  most  of  the  lower  animals.  It  is  not 
projected  forwards  into  a  keel-shaped  ridge,  as  in  birds  and  some 
mammals;  lu^ither  does  it  run  far  upwards  above  the  level  of  the 
rilis  fur  the  purpose  of  supporting  the  clavicles.  On  the  contrary, 
it  is  spread  out  laterally,  and  is  flat  on  its  anterior  and  posterior 
aspects.  This  is  particularly  marked  in  the  Manuhrium,  which  is 
very  broad  and  sti*ong,  with  small  sujjerlicial  facets,  not  cm  its  side 
but  on  ita  upper  edge,  for  the  clavicles;  and  its  upper  margin, 
which  is  directed  a  little  backwards,  towai'ds  the  spine,  is  scooj^ 
out,  or  notched,  in  the  middle,  for  the  purpose  of  giving  a  slight  in- 
crease to  the  antero-posterior  diameter  of  the  upper  opening  of  tlie 
thorax,  and  of  preventing  pressure  upon  the  trachea.  This  notch  is 
scarcely  perceptible  at  birth.  The  average  length  of  the  sternum, 
in  the  adult,  is  six  inches;  the  longest  of  several  that  I  measiu-ed  was 
seven  inches,  the  shortest  was  five  inches.  It  is  rather  longer  in  the 
male  than  in  the  female.  Its  width  varies  in  different  parts ;  it  is 
greatest  between  the  cartilages  of  the  Ist  ribs,  and  least  between 
those  of  the  2nd  ribs,  or  in  the  interval  beti^^een  the  cartilages  of 
the  2iid  and  3rd  ribs.  In  the  latter  situation  it  is  accordingly  most 
liable  to  be  broken,  either  by  a  blow  or  by  heavj'  pressure,  or,  which 
BOW  and  then  happens,  by  the  sudden  violent  contraction  of  the 
recti  and  other  muscles  attached  to  its  lower  end.  Thus  a  woman 
who  fell  on  her  back  on  the  pavement  was  found  to  have  broken 
her  sternum,  and  a  man  raising  himself  suddenly  in  bed  in  a  fright 
met  with  the  same  accident  ^  When  it  is  broken,  the  inferior  por- 
tion may  be  driven  either  in  front  or  behind  the  superior. 


*  Two  cases  of  fracture  of  the  aternum,  occurring  during  the  expuUive  efforts  b 
labour,  are  cjuoied  from  the  Builetino  ddh  fkienzc  MedicAf  di  BoJognn  in  the  Duliliii 
QttaHtrljf  J4>urtmi  of  Medical  Science'  xxiv.  477. 
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The  liability  to  fracture  is  miicli  lessened  during'  the 
early  periods  of  life  by  tlie  stemuin  bemg  campoj^ed  of 
two  portions,  the  point  of  jimction  of  which  is  at  the 
narrowest  part  of  the  bone.  The  mode  of  union  of  the  manubrium 
and  body  of  the  sternum  are  shewn  in  PL  XXIL  fig.  2,  drawn  from 
the  longitudinal  section  of  a  recent  s|>eeimen.  The  interval  be- 
tween the  two  is  there  seen  to  be  wider  at  the  hinder  part,  where 
the  bones  are  joined  by  short  strong  bundles  of  fibrous  tissue,  pass- 
ing direct  from  one  to  the  other,  than  in  fronts  where  the  uniting 
medium  is  cartilage  or  fibro-ciirtiiage.  The  fibrous  element  at  the 
hinder  part  of  the  Si/mphi/sts  is  so  tight  and  strong  that  it  causes 
the  two  bones  to  form  a  slight  angle  or  arch  in  front.  If  firm 
pressure  be  made  on  the  anterior  surface  the  arch  is  lowered  a  little 
by  the  compression  of  the  anterior  c^rtilagmous  element  of  the 
symphysis,  which  immediately  recoils  and  restores  the  bones  to 
their  natural  position  when  the  pressure  is  withdrawn.  This  arch 
of  the  sternum^  which  is  increased  by  the  slightly  curved  shape  of 
each  of  its  two  segments,  and  which  contributes  materially  to  the 
elasticity  of  the  bone  and  to  its  power  of  resisting  external  pressure, 
is  strengthened  by  longitudinal  bands  of  fibrous  tissue  placed  upon 
its  hinder  surface ;  these  form  a  thick  sheet  of  membrane  under- 
lying and  supporting  the  periosteum  ^ 

atniirhiTe.  ix.  ^^^  stcruum  is  a  light  bone,  composed  of  fine  can- 

©r  the  bone,  cellatcd  texture  covered  by  a  thin  layer  of  compact 
structure;  the  tatter  is  thickest  and  strongest  in  the  mtunubrium,  at 
the  part  lying  between  the  clavicles.  The  posterior  concave  surface 
is  smooth  ;  and  the  bony  fitres  have  there  rather  a  longitudinal 
direction,  converging  towards  the  sj^nphysis,  so  as  to  constitute  a 
faint  groining  underneatli  the  arch. 


; 


'  We  occamonally  find  the  ai-cb  of  the  sternum  inoreaaed  in  a  very  marie ed  manner, 
BO  lis  lo  form  Ignite  a  hump,  the  prominent  point  of  which  is  iiauaUy,  below  the  syiii- 
physis,  between  the  third  coetal  cartilnges.  Probably  this  pre  tern  aturail  curyature 
liofi  been  causedj  in  some  of  these  inatances,  by  [pressure  upon  the  lower  part  of  tlie 
bone  in  certain  avocations;  though  iueh  explanation  cannot  always  be  found.  In 
twenty-two  mstances  of  the  deformity  examined  by  M.  WoiUe?.,  three  occurred  in 
fihoeinakers,  and  in  only  two  of  tlie  remaining  nineteen  was  tlie  bune  subjected  to  any 
particuhir  pressure. 
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The  bone  presents,  on  each  side,  seren  depressions 
for  the  aiiicnlation  of  the  cartilages  of  the  seven  true 
ribs'.  The  upper  of  these  depressions  is  larger  and  longer  than 
the  others,  is  narrow  at  its  lower  part,  broader  above,  with  a  wide 
overhanging  upper  edge,  wliich  is  more  marked  in  front  than  be- 
hind. This  serves  to  prevent  the  displacement  of  the  cartilage  of 
the  first  rib  when  it  is  drawn  upwards  and  forwartls  by  the  action 
of  the  scaleni  muscles  in  inspiration,  and  enables  it  more  readily  to 
carry  the  sternum  with  it  in  that  movement.  It  also  supports  the 
sternum  against  pressure  or  blows  on  its  front*  The  next  three 
depressions  for  ibi^  costal  cartilages  are  situate  at  a  considerable 
distance  from  the  first  and  from  one  another.  They  are  angular 
notches  in  the  edge  of  tlie  sternum  ;  and  it  may  often  be  seen  that 
the  sides  of  each  are  covered  with  cartilage,  while  the  angle  at  the 
deepest  part  of  the  notch  is  rough  for  tlie  attachment  of  the  ''mid- 
dle aterao-costal  ligament."  The  angle  at  the  bottom  of  the  notch 
for  the  second  cartilage  is  formed  by  the  symphysis  between  the 
manubrium  and  the  body  of  the  sternum ;  the  superior  side  of  the 
notch  being  formed  by  the  manubrium,  and  the  inferior  by  the 
body.  In  like  manner,  in  the  regularly  formed  bone,  each  costal 
cartilage  impinges  upon  the  sternum,  on  the  line  of  jimction  of  two 
of  its  primitive  com|K>ncnt  portions.  This  is  well  seen  in  most  of 
the  lower  animals,  where  the  several  portions  of  tlie  bone  remain 
separate  much  longer  than  in  man.  In  each  instance  the  upper 
side  of  the  notch  is  larger  and  more  overhanging  than  the  lower, 
and  the  anterior  edge  is  more  prominent  than  the  jiosterior,  for  the 
purpose  of  resisting  the  pressure  of  the  cartilage,  which  is  made  in 
an  upward  and  forward  direction  when  the  rib  is  raised  in  inspi- 
ration. The^se  two  particular?,  viz.  the  union  of  each  costal  carti- 
lage, except  the  first,  with  two  sternal  bones,  and  the  greater  promi- 
nence of  the  articular  fac^t  upon  the  upfter  of  each  of  these  two 
boneSj  constitute  striking  points  of  similarity  between  the  mode  of 
connection  of  the  ribs  with  the  sternum,  and  their  mode  of  con- 
nection with  the  several  bodies  of  the  dorsal  vertebrte.     The  lower 


^  In  a  Bpecimen  in  the  Cambridge  Muisciun  wiiich  iBfeuaur^  seven  inches,  there 
are  eight  c&irtilftg«8  of  riba  Kfrparatelj  united  to  the  sternum. 
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three  depressions  for  the  costal  cartilages  are  placed  close  together, 
and  stirroujid  the  inferior  end  of  the  sternum,  which  is  widened  fi>r 
the  purpojie  of  affording  greater  space  to  them.  They  are  shallower 
than  the  upper  three ;  and  their  upper  and  anterior  edges  are  lesa 
prominent,  because  the  line  of  pressure  of  the^  cartilages  during 
inspiration  more  nearly  corresponds  with  that  of  the  plane  of  the 
hone.  They  do  not,  moreover,  sliow  any  appearance  of  division 
into  two  parts.  The  one  or  two  lowermost  are  situated  in  front  ^f 
the  attachment  of  the  ensiform  cartilage. 

Often  perfarftted  "^^^  broad  lowcr  part  of  the  sternum  is  often  perfo- 
fttiqwerparL  j-^ted  by  a  round  hole,  large  enough  to  admit  a  goose- 
quilL  It  is  a  variety  resulting  from  the  mode  of  development  of 
the  bone,  but  does  not  serve  any  particular  purpose  beyond  that  of 
lightening  it  a  little. 

Kn-^iform  cw'  ^^^^'  Enstfhrfn  or  Zi/phoid  cartilage  is  rather  more 

liiflge,  ^i-|j^u  ^^  i^^i^   long,  with  its  point  downwards.     It   is 

ciurved  a  little,  so  that  the  point  is  directed  forwards  as  well  as 
do%vnwards.  Its  shape  varieB ;  though,  in  most  instances,  it  termi- 
nates in  a  point,  it  has,  in  some,  a  broad  square  extremity ;  in  some 
it  is  bifid ;  and,  occasionally,  like  the  sternum,  it  is  perforated  by 
a  hole  (PI.  XXIII.  fig.  i,  F)  Avhich  may  transmit  communicating^ 
branches  between  tlie  internal  mammary  and  the  epigastric  arteries. 
It  is  joined  to  the  lower  extremity  of  the  sternum,  behind  the 
7th  costal  cartilages,  and  is  united  by  fibrous  tissue  to  the  hinder 
surface  of  the  latter.  The  fibres  of  the  recti  muscles,  arising  from 
its  fore  part,  in  the  interval  between  the  converging  costal  carti- 
lages, fill  up  that  interval  and  conceal  the  ensiform  cartilage,  so 
that  it  is  not  easily  felt  diu-ing  life.  The  ensiform  cartilage  con- 
tributes to  the  covering  and  protection  of  the  abdominal  organs  at 
a  very  tender  part,  and  aifords  an  increased  surface  for  the  attach- 
ment of  muscles,  particularly  of  the  triangularis  stemi,  A  broad 
thick  fasciculus  of  this  muscle,  arising  from  the  hinder  surface  of 
the  ensiform  cartilage,  on  either  side,  proceeds  directly  outwards 
to  the  cartilages  of  the  5th,  6th,  and  7th  ribs,  and,  by  its  contrac- 
tion, draws  them  towards  the  middle  line ;  by  this  means  it  serves 
to  diminish  tlie  capacity  of  the  chest,  and  ministers  to  expiration. 
Tlie  position  of  the  ensiform  cartilage,  which  is  behind  the  level  of 
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the  other  cartilages,  and  which  is  thrown  still  fui*ther  back  by  the 
contraction  of  the  recti  musclea  during  expiration,  favoiu^  this  in- 
fluence of  the  triangularis  stemi. 

The  enaiform  cartilage  in  some  instances  becomes  ossified  and 
united  Ijy  bone  to  the  steminn.  In  others  it  remains  cartilaginous 
to  the  last. 

The  primordial  cartilaore  of  the  sternum  is  formed  at 

Dcveloptnent  .  . 

a  comparatively  early  period  of  foetal  life.  Ossification, 
however,  takes  place  comparatively  late,  not  commencing,  even  in 
the  manubrium,  till  half  the  intra-uterine  period  is  passed. 

The  number  of  nuclei  vatiea  in  different  instances.  There 
Lyeioumwit  ^^  commonly  one  of  krge  ske  in  the  manubrium ;  though 
not  unfrequentty  there  are  two,  which  is  probably  the  more 
complete  condition.  When  two  nuclei  are  present  they  are  usually 
placed  one  above  the  other,  and  the  upper  one  is  the  larger.  When, 
which  ia  rai-ely  the  case,  the  two  nuclei  are  placed  side  by  aide,  they  are 
commonly  unsymmetrical,  though  one  of  the  clavicles  may  rest  upon 
each.  In  Plate  XXII.  fig.  I,  a  small  second  nucleus  is  seen,  on  one 
side,  near  the  symphysis.  Tliis  is  very  common.  In  the  body  of  the 
bone  there  is  usually  one  oval  centre,  or  two  oblong  centres,  placed  aide 
by  side  in  each  interval  between  two  pairs  of  ribs;  these  begin  Uj  appear 
about  the  7th  month.  The  upper  ones  appear  first,  and  are,  therefore, 
for  a  time,  the  largest  ^  though  subsequently  the  lower  ones  become 
the  widest,  and  give  the  greater  breadth  to  this  part.  f>f  the  sternum.  At 
bii  th  there  are,  according  to  Meckel,  usually  ft)ur  pairs  of  osseous  nuclei 
present;  viz.  those  between  the  2nd  and  3rd,  the  Srd  and  4th,  the  4th 
and  5th,  and  between  the  5th  and  6tli  coataJ  cartilages.  In  some  in- 
stances there  are  only  three  or  two  paii-s.  Tlie  nucleus  for  the  5th  bone 
of  the  sternum,  when  it  is  formed  separately,  may  appear  at  any  time 
between  6  months  after  birth  and  the  7th  nr  8th  year.  The  nuclei  be- 
tween the  3rd  and  -tth  and  between  the  4th  and  5th  ribs  are  more  often 
double  than  the  others.  The  lower  portion  of  tlie  sternum,  wliich  is 
common  to  the  5th,  6th,  and  7th  riba,  is  not  lULfrequently  developed 
from  a  single  centre.  When  it  is  developed  frc^m  lateral  portions,  and 
the  ossifiwition  flails  to  reach  the  middle  of  the  bone,  the  aperture  which 
has  been  mentioned  a1>f>ve,  remains.  About  the  1 2th  year  the  various 
lateral  nuclei,  which  are  frequently  unsymmetrical  both  in  size  and  pod* 
tion,  unite  in  the  middle  line.     The  resultant  segments  subsequently 
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ooalesoe  with  one  anotiher;  the  lower  ones  umtiug  first;  the  body  dQm\ 
not  become  ossified  to  the   ittanubriuin  till  late  in  life.      Often  tbeae 
two  are  fonnd  separate  in  old  peraons;  the  ensifomi  cartilage  is,  accord- 
ing to  Meckel,  more  often  ossified  to  the  body  than  the  latter  is  to  the 
manubrium  \ 

In  the  lower  animals,  although  complete  ossification  of 
the  several  centres,  wMch  are  developed,  not  in  pairs^  but 
from  single  nuclei  in  the  median  line,  takes  place  curlier. 


Varlettea  in 


^  According  to  BeoUrdi  the  5th  (thAt  iiij  the  segment  m  the  Hpac3e  between  the 
5th  and  6th  cost&l  cartilagen)  unites  with  the  4th  from  the  f  5th  to  the  lotb  year,  the 
union  tsiking  place  aomelimeg  before  its  bteral  portions  have  jnined  together;  the  4th 
and  3rd  unit#  between  ihe  10th  and  a^th  year;  snbfleqnently  the  3rd  tmites  with  the 
and ;  the  union  between  the  2nd  and  the  nmtiubrium  does  not  t&ke  pUce  till  60,  or 
even  later ;  where;^  the  enBiforni  cartilage  is  often  found  osiified  to  the  fltemmn  at  45 
or  5O1  its  extremity  retojuning  c&rtilaginous  for  to  or  more  years  after;  the  oenfiGaitum 
of  the  en Bi form  cartilage  takes  place  frora  one  nnckua,  rarely  fifom  more;  the  period 
ftt  which  this  afvpean  ia  very  variable,  from  the  md  to  the  15th  year,  or  even  later. 


DESCRIPTION  OF  PLATE  XXU. 

Fig.  J.  Front  view  of  »terauini  and  coatal  cartilagcH  from  a  child,  mi,  5,  A^l 
mmeouB  nucleus  in  manubrium.  B,  small  ditto,  near  lower  angle  of  manubntuni 
right  tide.  C»  large  single  nucleuB  in  -2nd  Iwne  of  sternum,  i),  two  oblong  nadei» 
[))aced  side  by  sida,  in  3rd  bone  with  (E)  a  small  separate  nucleus  in  the  interval 
between  their  upper  ends.  F,  two  ttiuiilar  nuclei  in  4tb  bone.  No  other  nuclem 
appears  below  these.  A  transverse  fibrous  division  is  seen  between  the  cartilage  of  the 
manubrium  and  that  of  the  and  bone ;  but  the  cartilage  of  the  rest  of  the  stemuxn  I 
forrae  one  piece.  The  npper  costal  cartilage  (G)  is  continuous  with  that  of  the  nuuiti- 
brium.  The  and  (J/)  is  separate*!  from  the  ft^>inphysi8  and  the  cartilage  above  ajKl 
below  it  by  a  line  of  areolar  tissue^  which  permits  flight  niovtment  ujjon  an  autero-  ^ 
po«tenor  axis.  The  other  costal  ciirtiLigta  are  united  to  the  cartilage  of  the  sternum 
in  a  similar  manner,  no  distinct  synovial  cavity  being  yet  formed  between  them. 
There  is,  however^  a  amall  synovia!  cavity  at  /  between  the  opposed  surJkcen  of  the 
7th  costal  CATtiUgeSi  where  they  meet  in  front  of  the  easiform  cartilage.  K,  hro«d 
thick  process  descending  from  the  5th  costal  cjirtilage  to  upper  edge  of  the  6th  ;  iho 
line  of  union  oovered  by  the  .anterior  ligament.  L  and  Jf,  7th  and  8th  costal  carti- 
lages united  by  contmuitj  of  tissue. 

Fig.  2,  A  vertical  section,  from  before  backwards^  through  the  lower  piul  of 
{A}  the  manubrium,  (H)  the  upper  part  of  the  body  of  the  sttrnum,  and  the  symphyeia 
between  them.  It  shows  the  shape  of  the  latter,  the  fibrouH  structure  {€)  j>ccapying 
its  wider  posterior  part,  and  the  cartilage,  or  fibro-cartilage,  with  some  delicate  areolur 
tissue  in  its  narrower  fore  part. 

Fig.  3.  Sternum  of  an  eighth  month  foetus.  There  is  one  osseous  nucleus  in  the 
manubrittra,  one  in  the  upper  segment  of  the  body,  and  two  m  each  of  the  and,  3rd, 
and  4th  segments. 
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they  remain  separate  to  a  rnucli  later  poriod,  oomiuonly  throiigboiit  life. 
The  Orang  is  an  exception  to  part  of  the  above  statement,  inasmuch  oa 
the  pieces  of  the  sternum  of  that  animal  are  developed  in  paii-s  and  the 
lateral  portions  of  each  centre  remain  separate;  so  that  the  bone 
consists  permanently  of  as  many  p>rtions  as  there  were  j>rimary  osaeoiiH 
nuclei.  lo  Birds  one  large  broad  bone  is  farmed  at  an  early  period, 
and  a  keel -like  pnjceas  is  developed  along  it«  fore  part.  In  the  Ostrich 
the  ktter  is  wanting. 

Breschet^  describes  two  additional  OBsoaua  centres — Om 
aus-^Uritaiiw^ — ^forming  small  pisiform  bones  on  either  dde 
of  the  notch.  They  are  connected  with  one  another  by  a 
transverse  ligament,  and  are  jointed  witli  the  sternum  by  a  synovial  cap- 
sule. He  regards  each  of  them  as  the  anterior  rudiments  of  a  rib,  of 
which  the  posterior  rudiment  is  presented  by  the  sej>arate  nucleus  for 
the  anterior  lamina  of  the  ti-ansverse  process  of  the  7th  cervical  vertebra 
These  EpiMemtd  bones  are  rarely  met  with.  Cnivelhier  saw  them  *in 
only  one  instanca  They  have  their  analogue  in  the  ejiistemal  bone  of 
monotrematous  animals. 

The  sternum  ia  in  soma  instances  entirely  wanting*,  or 
imperfecrtioni     j^^yq  or  less  divided  into  two  parts  by  a  fissure  down  the 

in  d^velopmeiit        ^  *  -■ 

middled  These  imperfections  are  more  frequent  at  the 
lower  part  than  at  the  upper;  which  accords  with  the  facta  that  the 
closure  of  the  thoracic  cavity  of  the  fcetus  oommences  at  the  upjjer 
part,  and  that  the  manubrium  is  foiToed  in  cjirtilage  before  the  other 
parts  of  the  sternum.  When  the  bone  is  thus  imperfect,  it,  now  and 
then,  though  rarely,  happens  tliat  the  skin  and  other  tissues  ai'e  j^rescnt, 
and  cover  in  the  cavity  of  the  thorax,  the  sternum  alone  being  deficient 
or  fis8ured\     More  commonly  the  fiiilure  of  development  is  manifested 


1  Annalta  da  Seiencet  NaiwrtSet,  Zoologk,  x.  185S. 

*  Weidem&nD»  Frogramma  uAer  det  fehlende  BruMt&tin. 

>  Tmnta€ii<m»  o/tke  Paik.  Societif,  IL  181.     Medical  Timet  and  OmdU^  1837. 

*  TfaiB  is  the  case  m  M.  Groux,  who  lately  exhibited  hloiaelf  in  Cambridg^e  and 
many  other  places ;  the  atcmum  i«  divided  in  two  lateral  parts  by  a  median  fissurp. 
cxiixKidiiig  through  the  maatibriuin  and  body  of  the  bone,  and  he  pooMflAet  the  power 
of  widening  the  fissure  to  nearly  three  inches,  bj  pressiog  the  hands  together,  or  of 
naiTOwing  it,  by  bringing  the  deltoid  muscles  into  action.  The  defect  does  not  inter* 
feire  much  with  renpiration  nor  with  the  moreroents  of  the  armji»  The  skin  oover- 
ing  the  Geaure  is  quite  natural ;  and  it  would  Beesm  tbiit  each  half  of  the  bone  is  well 
formed,  or  nearly  so,  but  that  the  halves  are  separated  by  an  interval,  which  may  be 
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in  the  soft  structures  as  well  as  in  the  bone,  so  that  the  thorax  is  open, 
aad  perhaps  the  heart  is  uncovered,  cuustitutmg  what  is  called  edopia 
cordis.  It  has  already  been  noticed  that  the  boue  is  shorter 
in  woineti  than  in  men,  and  that  it  varies  a  good  deal  in 
length  in  diflerent  persona;  it  does  bo  also  in  width  and  shape,  being 
broad  or  narrow,  straight  or  much  curved,  with  a  well-marked  waring 
or  nearly  straight  margin.  Now  and  then  it  is  bifid,  and  it  is  said 
to  be  occasionally  keel-shaped,  resembling  somewhat  the  sternum  of  a 
bi^d^  The  manubrium  has  been  known  to  extend  as  low  as  the  third 
rib',  and  Detsault  saw  the  zy phoid  cartilage  descend  as  &r  as  the 
umbilicus. 

Though  subject  to  the  same  diseases  as  the  rest  of  the 
skeleton,  it  is  not  so  frequently  the  seat  of  them  as  many 
other  bones,  Rokitansky  observes  that  the  inflammation  and  indu- 
mtion  which  occur  in   syphilitic  disease  are  rarely  met  with    in   the 


regivrded  &a  of  iimHar  kind  to  the  hole  often  found  in  the  lower  part  of  the  sternum ; 
the  only  difTer^nce  being  that,  in  this  instance,  the  division  ezista  in  the  whole  lengUi 
of  the  bone,  initeod  of  being,  &b  uBual,  con5ned  to  one  spot. 

^  BUndin^  Nom^eam:  Ethntnt  (TAiutiomie^  I.  50. 

•  Meckel's  Archiv,  iv.  480, 


DESCRIPTION  OF  PLATE   XXIIL 

Pig.  I.  Sternum  from  a  lad  lEt.  10,  vie  wed  from  behind.  There  is  one  nucleus  (A} 
in  the  manubrium,  and  one  {B}  m  the  first  segment  of  the  body.  Tlie  two  nuclei  (O 
in  the  and  segment  have  coalesoed,  and  those  (D)  in  the  3rd  hnvo  begun  to  do  bo. 
There  is  one  nucleus  (E)  in  the  ensifonn  CBJtilage  which  is,  in  this  instance^  continuous 
with  tho  cartilage  of  the  sternum.  The  ensifonn  cartilage  is  bifid  and  there  is  &  small 
hole  (F)  through  its  middle. 

Fig.  1.  A  vertical  section  from  side  to  side  through  one  half  of  the  sternum,  the 
tteroo 'Clavicular  articulation  and  tho  costo-stemal  joints.  At  the  manubrium.  B,  the 
body  of  the  sternum.  C,  the  symphysis.  Df  the  clavicle.  £,  the  interarticiilar  liga- 
ment of  the  stemo- clavicular  joint,  #,  the  ist  cc«tal  cartilage  united  to  the  sternum 
in  its  upper  half  hy  dense  fibrous  tissue,  and  in  the  lower  half  separated  from  h  by  a 
narrow  synovial  cavity.  f?,  the  interarticalar  ligament  connecting  the  and  costal 
cartilage  with  the  sympbysiH.  B,  If,  upper  and  lower  edge^  of  capsule  of  3rd  eosto- 
sternal  joint.  /,  fibrous  ligament  uniting  lower  part  of  head  of  4th  costal  cartilage  to 
the  sternum.  L,  synovial  cavity  between  upper  part  of  the  same  and  the  sternum. 
M,  5th  costal  cartilage  united  to  stemum  by  areolar  tissue.  JV,  6th  costal  cartila^ 
with  distinct  B3movial  cavity  between  it  and  sternum. 

Fig.  3,    Front  view  of  a  costo-stemal  joint  showing  the  anterior  ligament. 
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sternum.  Frequent  exercise  of  the  riglit  arm  in  liftiug  weights  baa  been 
thought^  in  some  instances!,  to  liaye  been  the  cause  of  alight  deviatioQ  of 
the  bone  to  the  right  aide  hj  means  of  the  in  creased  action  of  the  peo- 
toralis  major.  In  curvature  of  the  spine  it  often  inclioes  to  one  side  or 
other  of  the  middle  lina 
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THE    RIBS. 

Tiie  twelve  ribs  present  a  good  illustration  of  that 
rci^emblance  in  general  features  and  dissimilarity  in 
details  which  pcrv^ade,  more  or  less,  the  various  parts  of 
the  skeleton,  and  which  may  indeed  be  observed  through- 
out the  whole  of  the  physical  world  to  constitute  a  general  law  in 
creation.  They  are  all  alike  in  the  plan  of  their  construction,  yet 
each  one  differs  from  the  others  in  certain  particulars.  Thus  each 
has  an  articulating  head,  a  neck,  angle,  body,  and  certtiin  curves 
and  twists ;  but  all,  or  nearly  all  of  these,  present  varieties  in  the 
different  ribs,  eo  that  each  particular  rib,  just  as  we  found  to  be  the 
case  witli  eacli  particidar  vertebra,  has  peculiarities  sufficient  to 
characterise  it  to  the  scnitinising  observer.  Many  points  of  interest 
may  be  observed  in  these  apparently  simple  and  unattractive  bones ; 
for  the  piixpose  of  examining  them,  it  is  a  good  plan  to  arrange  the 
several  ribs  upon  a  table  in  the  order  in  which  they  are  placed  in 
the  body. 

The  ribs  increase  in  length  from  the  Ist  to  the  7th ;  - 
then  decrease  again  to  the  12th.     Tlie  latter  is  of  about 
the  same  length  as  the  1st,  though  it  varies  a  good  deal  in  different 
persons, 

Cte^wtoJwrri-  Each  of  the  ribs  is  curved,  and  curved  in  unequal 
sontAi pkne.  degrees  in  different  parts  of  its  length;  so  that  a  rib 
cannot  be  said  to  form  a  segment  of  one  circle,  but  may  rather  be 
described,  in  a  general  manner,  to  form  segment*^  of  two  circles  of 
miequal  raditis.  The  sharper  of  these  two  curves  m  situate  near 
the  hinder  part,  and  gives  rise  to  the  marked  prominence  behind, 
which  is  called  the  Angle  of  the  rib-     This  posterior  projection 
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briiigs  the  riba  nearly  to  a  level  with  the  spinous  processes,  and 
causes  that  flatness  of  the  back  and  that  al nli ty  to  lie  at  ease  upon 
the  back  which  is  peculiar  to  man.  It  also  increases  the  capacity 
of  the  chest,  and  makes  some  amends  for  the  comparatively  small 
antero-posterior  diameter  of  the  human  tliorax.  The  degi*ce  of 
curvature  of  the  ribs,  and  particularly  of  that  sharper  curvature 
which  fomis  the  angle,  varies  a  good  deal  in  the  different  ribs ;  it  i» 
most  marked  in  the  first,  and  undergoes  a  progressive  and  almost 
regular  diminution  to  the  last,  in  which  there  is  little  or  no  differ- 
ence in  the  degree  of  the  curvature  of  the  different  parts.  So  that 
in  the  last  rib  the  angle  can  scarcely  be  said  to  exist;  and  the 
whole  of  this  bone  may  be  considered  to  fonn  a  segment  of  one 
Tiie  ritigc  on  l^^'g^  circlc.  On  the  concave  side  of  the  curve  each  rib 
intcnifti turfjiCT,  is  strengthened  by  a  Ridge  proceeding  from  the  head, 
generally  from  tlie  lower  part  of  the  head,  and  projecting  into  the 
arc  of  the  ciu-ve.  The  ridge  is  strongly  marked  at  its  commence- 
ment, where  it  ot^cupies  the  inside  of  the  angtcj  and  is  gradually 
lost  about  the  middle,  or  towards  the  anterior  extremity,  of  the  rib. 
It  forms  the  upper  edge  of  the  so-called  Groove  for  t/ie  intercostal 
artery^  and  ,gives  attachment  to  the  fibres  of  the  intenial  intercostal 
muscle.  It  is  very  strongly  marked  in  the  1st  rib,  gi\nng  that 
breadth  to  the  bone  which  Is  one  of  its  cliaracteristics,  and  is 
scarcely  perceptible  in  the  12th.  At  the  part  where  it  is  most 
marked,  that  is  to  say,  at  the  neck  and  angle,  each  rib  is  of  nearly 
cylindric£il  shajx* ;  where  it  begins  to  tail  the  rib  becomes  extended 
firom  above  downwards  or  flattened  out.  Near  to  their  anterior 
extremities  the  vertical  diameter  of  the  lower  five  or  six  ribs  is 
again  somewhat  curtailed ;  and  the  end  of  each  is  thickened  and 
cup-shaped  for  the  reception  of  the  costal  cartilage. 

Beneath  the  ridge  just  mentioned,  and  upon  it,  may 
be  seen  numerous  small  Foramina  traversing  the  wall  of 
the  shaft  obliquely  from  before  backwards.  These  transmit  small 
vessels  to  the  interior ;  they  take  an  opposite  direction  to  that  of  the 
intercostal  artery,  and  correspond  with  the  nutritious  foramina  of 
other  long  bones  in  being  slanted  away  from  the  epiphysis  which  is 
last  nnited  to  the  shaft.  In  the  interval  between  the  tubercle  and 
the  head  of  the  rib  the  direction  of  these  foramina  is  less  constant ; 
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some  of  tliem  pierce  tbe  bone  perpendicularly,  some  are  slanted  for- 
wards, some  backwards. 

In  addition  to  the  above-described  curves  in  a  hori- 
zontal planey  which  are  so  disposed  with  their  concavi- 
ties towards  the  median  line  as  to  give  eapacitj*  to  the  thorax,  there 
are  other  curves  in  the  ribs,  by  means  of  which  their  fore  and  hinder 
extremities  acquire  an  inclination  upwards  or  dow-nwards.  The 
effect  of  these  curves  ("twists"  or  "torsions"  they  are  often  im- 
properly called)  in  tlie  vertical  plane  is  well  seen  when  the  ribs 
ajre  arranged  in  order  ujK>n  a  table,  lying  on  their  lower  edges. 
The  Ist  rib  is  found  to  be  nearly  flat;  its  head,  however,  is  di- 
rected a  little  downwards,  owing  to  a  bend,  with  the  convexity 
upwards,  at  the  angle.  In  the  2ud  and  3rd  ribs  there  is  a  similar, 
bnt  slighter^  inclination  of  the  heads  du^vn wards.  In  the  4th  rib 
the  head  is  curled  a  little  upwards,  so  as  not  to  touch  the  table 
when  the  bone  is  placed  upon  its  lower  edge.  This  inclination  up- 
wards increases  to  the  7tli  rib;  and  then  it  diminishes  again  to 
the  12th,  the  bead  of  which,  like  that  of  the  upper  three  ribs,  has  a 
slight  inclination  downwards.  Thus,  when  the  several  ribs  rest 
upon  their  lower  edges,  tlieir  lieads  present  a  waving  line,  and 
the  summit  of  the  wave  is  formed  by  that  of  the  7th  rib.  Their 
anterior  extremities,  on  the  other  hand,  are  all  curled  a  little  down- 
wards; those  of  the  1st  and  12th  in  the  least,  and  those  of  tlie 
7th,  8th,  9th,  and  10th,  in  the  greatest  degree, 
ArticiiLir  facets  ^^^  hcads  of  tlic  greater  number  of  the  ribs  present 
on  head  of  rib.  ^^^]^  ^  double  Articulathig  Fdcety  or  two  facets  sepa- 
rated by  a  projecting  ridge  running  from  before  backwards,  which 
is  slightly  roughened  at  the  summit.  This  is  in  accordance  with 
the  fact  that  each  of  these  ribs  is  connected  with  two  contiguous 
vertebrae.  The  first  and  the  lower  two  or  three  ribs  are  each  con- 
nected with  only  one  vertebra,  and  have  each  but  a  single  facet. 
The  two  facets  are  most  distinct  from  the  4th  or  5th  to  the  8th 
or  9th  ribs.  The  superior  facet  is,  in  each  of  these,  directed  some- 
what more  obliquely  from  the  intervening  ridge  than  is  the  inferior 
facet;  and  this  has  relation  to  the  greater  prominence  of  the  cor- 
responding articulating  facets  of  the  vertebrae.  In  the  Ist  rib  the 
articulating  surface  is  situated  on  the  inner  and  posterior  surface 
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of  the  head.  This  is  less  the  case  as  we  travel  do^Tiwards  tlirough 
the  series  of  ribs;  and  in  the  12th  it  h  placed  on  the  inner  and 
antertor  siirtace,  quite  at  the  extremity  of  the  rib. 

The  Tubercle  is  much  more  prominent  in  the  upper 
two  or  three  ribs  than  in  those  lower  down;  in  the 
lower  two  or  three  it  does  not  exist  at  all.  The  Articular  Facets  on 
the  tubercles  of  the  upper  two  or  three  ribs  are  elongated  from 
within  outwards  and  slightly  conrex  irom  above  downwards, 
being  thus  adapted  to  the  concave  and  similarly  elongated  facets 
on  the  corresponding  transverse  processes  of  the  vertebras  (page 
175) ;  whereas  those  lower  down  are,  for  a  like  reason,  round  or 
oviih  with  the  greatest  diameter  from  above  downwards.  In  all 
the  ribs,  in  those  below  the  first  more  particularly,  the  articula- 
ting facets  are  nearer  the  lower  than  the  upper  edges  of  the  ttiljer- 
cles  (see  p*  140),  and  are  surmounted  by  rough  projections  which 
aerve  for  the  attachment  of  the  posterior  costo-trans verse  ligaments. 

The  Necky  or  portion  intervening  between  the  head 
and  the  tubercle,  is  long  and  thin  in  the  case  of  the  upper 
ribs ;  below  the  4th  it  is  tliicker  and  shorter.  In  the  case  of  the 
lower  two  ribs  tliere  is  no  tubercle,  and  the  neck,  therefoi-e,  cannot 
be  said  to  exist.  The  necks  of  the  rilis  are  separated  from  the 
transverse  processes  of  tlie  vertebra  by  intervals  wliich  corres[K>nd 
to  the  foramina  in  the  transverse  processes  of  the  cervical  ver- 
tebras^ 

The  flat  Smjisce$  of  the  1st  rib  look  almost  di- 
rectly upwards  and  downwards.  Those  of  the  2nd  rib 
are  inclined  a  little  outw^ards  and  inwards;  tliose  of  the  3rd  and 
4th  are  still  more  so.  In  the  5th  and  succeeding  ribs  the  flat  sur- 
faces look  directly  inwards  and  outwards;  the  upper  edge  is  rounded, 
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^  An  interefltuig  confirmatioD  of  tliis  relAtion  u  ftiraiabed  in  the  Liih^jffraphie 
Drawingi  qf  tke  Artaiet,  lay  Quiiin  and  Maclifl«,  Plate  XXII.  fig,  5.  It  w  an  instance 
in  wMcfi  the  iuperior  intercofltal  artery  on  the  right  aide  is  derived  from  tlie  vertebral, 
and  pnHJBcft  dowowardfl  into  the  thorax  through  tbe  foratneci  in  the  tran averse  pmcew 
of  the  7th  cerviijaJ  vertehra,  »od  afterwards  between  the  necks  of  the  upper  three  rib«, 
and  the  corresponding  transverie  prooewie«  of  the  dorsal  vertebrue*  sendmg  brancbcs  to 
tbe  upper  three  intercostal  spaces.  The  firai  aortic  interco«tA]  branch  ako  occupieA  ft 
Blmilar  position  in  reference  to  the  hones. 
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and  the  lower  edge  is  shaqi,  lu  the  12th  rib  the  upper  edge  has 
H  slight  inclination  mitwardn,  and,  accordingly,  the  sides  have 
again  a  disposition  to  took  upwards  and  doT;\iiward8 ;  but,  whereas 
in  the  Ist  rib  the  external  surface  looks  upwards  and  the  internal 
or  pleural  surface  looks  downwards,  in  the  12th  rib  it  is  the 
reverse,  fur  the  internal  surface  looks  upwards,  and  the  external 
surface  looks  downwards. 

RdfttioB  of  these  Most  of  the  above-mentioued  peculiarities  in  the 
individual  pwru- shape  of  the   individual  ribs    have  relation,  not  only 

liftritl(?s  to  the  \ 

moTenieiitsiof  to  the  general  shape  of  tlie  chest,  which  is  obvious 
enough,  but  also  to  the  particular  movements  which  the 
respective  ribs  undergo  in  respiration.  The  1st  rib,  placed  at  the 
upper  atid  more  contracted  region  of  the  thorax,  and  overlying  part 
of  the  apex  of  the  lung,  is  flat  on  its  upper  and  under  surfaces ;  it 
is  connected  by  a  broad  thick  cartilage  with  the  manubrium  of  the 
sternum,  and,  during  inspiration  and  expiration,  its  anterior  ex- 
tremity is  simply  raised  and  depressed ;  and  in  this  movement  the 
whole  bone,  with  the  sternum,  revolves  on  a  transverse  axis  which 
passes  through  the  tubercle  and  head  of  the  rib,  running  parallel 
with  the  articulating  surface  of  the  former,  and  traversing  the  ar- 
ticulating surface  of  the  latter,  or  nearly  so.  Accordingly,  a  sort  of 
hinge-like  motion  takes  place  in  the  joint  between  the  tubercle  of 
the  rib  and  the  transverse  process  of  the  vertebra,  and  a  rotatory 
motion  occurs  in  the  joint  between  the  head  of  the  rib  and  the  body 
of  the  vertebra.  And  it  is  to  permit  these  movements  in  the 
respective  joints  that  the  articulating  facet  of  the  tubercle  is  elon- 
gated transversely,  and  is  received  into  the  hoUowed  socket  of  the 
vertebral  process ;  and  that  the  articulating  surface  on  the  head  of 
the  rib  is  rounded  or  bidl-like,  and  is  lodged  in  a  corresponding 
concave  round  socket  on  the  side  of  the  vertebral  body  (PI. 
XXV.  figs.  1  and  3),  Hence  the  axis  of  motion  of  the  first  rib,  on 
the  one  side,  about  coincides  with  that  of  the  first  rib  on  the  other 
side.  In  other  words,  the  two,  with  the  sternum  between  them, 
may  be  described  as  playing  up  and  down,  in  a  hinge-like  manner, 
upon  an  axis  drawn  through  the  tubercles,  necks,  and  heads  of 
both  ribs,  and  traversing  the  body  of  the  first  dorsal  vertebra  upon 
which  they  are  placed.     The  same  remarks  apply  generally  to  the 
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2nd  rib,  the  shape  and  movements  of  which  correapond  yer)'  closely 
with  those  of  the  first. 

In  the  case  of  the  ribs  Bitimted  lower  down,  more  particularly 
of  those  occupying  the  intermediate-  position  between  the  liighest 
and  the  lowest,  the  movement  is  not  quite  so  simple.  There  is,  as 
in  the  ruse  of  the  firf^t  rib,  an  elevation  of  the  anterior  extremity 
and  body  of  each  bone ;  hot  this  is  not  eifected  by  a  mere  hinge- 
like movement  of  the  rib  upon  the  vertebra.  Such  a  movement, 
aecing  that  the  rib  lies  upon  the  side,  instead  of  upo^  the  upper 
surface,  of  the  thorax,  would  not  have  caused  much  variation  in  the 
8i»e  of  that  cavity,  and,  consequently,  would  not  haye  contributed 
much  assistance  to  the  respirator}^  process.  Accordingly  a  different 
movement  and  a  different  shape  of  the  articulating  surfaces  aie 
provided.  In  inspiration  the  bodies  and  angles  of  these  ribs  we 
raised  as  much,  or  nearly  as  inuch^  as  their  anterior  extreniities,  so 
as  to  increase  the  transverse  diameter  of  the  chest ;  and  the  whole 
of  each  rib  revolves  upon  an  axis  drawn,  not  transversely,  but  from 
before  backwards  through  the  costo-veriebral  joint,  and  nearly  cor- 
responding witli  the  prominent  ridge  which  separates  the  two  arti- 
cular facets  upon  the  head  of  the  rib.  The  shape  of  tlie  latter  is 
modified  accordingly  (PL  XXV,  figs.  2  and  4);  and  as  it  is  a 
necessary  attendant  on  such  movement  of  the  middle  parts  of  the 
ribs  that  the  tubercles  should  slide  a  little  up  and  down  upon  the 
transverse  processes  of  the  vertebrae,  we  find  that  the  opposed  arti- 
culating surfaces  are  nearly  flat,  and  that  they  are  round,  or  a  little 
elongated  in  a  vertical  direction.  (See  p*  175.) 
Dcvoiopment  ^^^^^'  ossificatiou  of  thc  ribs  takes  place  very  early ; 

oftiieribt  j|.  commences,  at  the  middle  of  each  rib,  from  the  45th 
day  of  fcetal  life  to  the  end  of  the  2nd  month.  By  the  end  of  the  3rd 
month,  the  bony  part  bears  as  large  a  proportion  to  the  costal  car- 
tilage as  at  the  full-groi^Ti  period.  Between  the  16th  and  20th 
years  a  nucleus  appears  in  the  epiphysis  which  forms  the  articular 
surface  of  the  head  of  each  rib^  and  another  in  that  of  the  tubercle. 
These  become  united  to  the  shaft  soon  after  20.  There  is  no  sepa- 
rate centre  for  the  tubercle  in  the  11th  and  12th  ribs. 

In  women  the  ribs*  are  rather  smaller  than  in  men,  with  the  excep- 
tion of  the  firnt  two^  which  Meckel  find.«*  to  he  alisolntely  a  little  larger; 
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they  are  also  luther  more  shai-ply  curved  at  the  hinder  part,  and  are 
flatter  or  straighter  at  the  sides,  eo  as  to  render  the  transverse  diameter 
of  the  chest  less  in  propoHion  to  the  antero-posteriar  (page  350.) 

Fractures  occur  with  about  equal  frequency  In  the  various  pai*ts  of 
their  sfaafls.  They  commonly  result  from  the  direct  application  of  force, 
such  as  a  blow  or  a  wheel  passing  over  the  chest  In  one  case,  that  of  a 
man  who  fell  from  a  height  upoQ  one  side  of  his  chest,  the  4th^  5ith,  and 
Gth  ribs  are  said  to  have  been  found  broken  on  the  opposite  side  near 
their  cartilasges  by  the  cojUre-coup  \ 


The  Costal  cartih^es,  which  may  be  regarded  as  the 
their conttMtion  anterior  epiphyses  of  the  ribs,  and  which  in  birds  are 
re^arly  ossified,  forming  what  are  called  tlie  **  sternal 
ribs,"  connected  with  the  steniura  by  regular  synovial  joints,  are 
wilted  to  their  respective  ribs  in  a  very  firm  manner.  The  rounded 
end  of  each  cartilage  is  received  into  the  concavity  at  the  extremity 
of  its  rib,  and  is  joined  to  it  just  in  the  same  way  that  tlie  cartila- 
ginous epiphyses  in  other  parts  of  the  skeleton  are  connected  with 
their  respective  bones*  Hence,  in  breathing,  the  ribs  and  their  car- 
tilages move  together  upon  the  sternum,  and  separation  of  one 
from  the  other  is  very  rarely  caused  by  external  force,  I  have 
known  it  take  place  in  the  course  of  ulcerative  and  suppurative 
disease,  as  sometimes  happens  in  the  case  of  other  ei)iphyses*. 


^  Arthh^  Gm.  dt  Mid.  1837,  Tom.  n. 

^  I'rof.  H.  Luschka,  MuUer's  Archiv,  1857^  s.  32 7,  found  a  linear  eavity  at  the 
jtmction  of  the  firat  rib  with  ita  cartiUge,  on  cither  Hide,  in  the  bcMiy  of  %  num,  «t.  55, 
It  waa  flniTOonded  by  the  cartilage,  and  did  not  interfere  with  the  Hrm  lanion  af  the 
rib  with  the  cartUage.  He  connects  this  anomaly  ^Lth  the  ohservation  of  Bruch, 
BeUroffe  sur  BnitBickdtmgxgttchklUe  dtM  Knothtnxy^temM,  %,  15,  that  the  costal  carti- 
lages are  not  mere  portionB  of  rihs  to  which  oeisificatioii  has  not  extended,  hut  that 
they  are  distinct  portions  of  the  skeleton,  separated  by  fonnativo  tissue,  in  the  early 
fcetal  state,  from  the  sternum  on  the  on*?  side  and  the  nlj«  on  the  other,  jnat  as  tlie 
latter  are  separated  from  the  vertebnc.  Thia  formative  iisgue  commonly  becomes  con- 
Terted  into  a  synovial  cavity  between  th^  lower  cartilages  and  the  sternum  ;  whereaB 
between  the  first  cartilage  and  the  manubrium,  and  between  all  the  carttUgea  and  the 
ribs,  it  usually  disappears.  Luschka's  case  affords  the  lane  example  of  it«  undergoing, 
in  the  Itvtter  gituation,  a  chjuige  similar  to  that  which  takes  place  at  the  juncture  of 
the  lower  cartilages  Tsith  the  stemum.  In  the  same  instance,  also,  the  union  between 
the  first  cartilage  and  the  sternum  was  not  direct,  but  by  means  of  a  line  of  fiUro* 
cartilage.     See  a  small  synovial  cavity  in  this  situation^  PI.  XXIII.  fig,  i. 
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Th«»y  differ fTOto  The  scvcral  cartilages,  like  the  ribs,  differ  from  one 
one  another.  another  ux  mmij  respects.  Thu8  the  cartilage  of  the 
1st  rib  18  shorter,  thicker,  and  stronger  than  the  others.  It  is  80 
b-ecause  it  forms  the  chief  support  of  the  manubrium  which  has  to 
bear  the  clavicles.  So  that  the  lat  rib  and  its  intercostal  cartilage 
constitute  the  medium  of  connection  between  the  upper  extremity 
and  the  vertebral  column ;  and  for  this  purpose  they  are  suited  by 
their  comparative  immobility,  as  well  as  by  their  greater  strength. 
Moreover  the  shortness  and  flattened  shape  of  the  Ist  rib  and  of  its 
cartilage,  and  the  extent  to  which  the  concavity  of  the  curve  of  the 
rib  is  filled  up  by  the  growth  of  the  inner  margin,  are  additional 
provisions  for  affording  an  efficient  support  to  the  manubrium. 
The  other  costal  cartilages  decrease  in  thickness  from  the  1st  to 
the  12th,  which  is  the  thinnest  of  all.  Like  the  ribs  they  gradually 
increase  in  length  to  the  7th,  and  below  this  they  again  decrease  to 
tiie  12th,  The  1st  cartilage,  descending  with  slight  obliquity  to 
tlie  stern imi,  is  continued  in  the  same  direction  as  the  rib ;  and  the 
intention  of  affording  an  efficient  support  to  the  manubrium  is,  in 
this  manner,  still  further  carried  out.  The  2nd  cartilage  joins  the 
sternum  at  a  right  angle,  forms  a  wide  angle  with  its  own  rib,  and 
is  of  nearly  equal  width  in  its  whole  length.  The  difference  of 
direction  between  the  cartilages  and  their  ribs  becomes  more  and 
more  marked  as  we  trace  them  downwards.  The  ribs  being 
slanteii  with  increasing  obliquity  from  the  vertebral  column  dotcn- 
wards  and  forwards,  the  cartilages  must  ascend  with  a  proportionate 
increase  of  obliquity  to  reach  the  sternum  ;  or,  fa:iling  this,  to  reach 
the  cartilages  of  the  ribs  aljove  them.  They  also  become  narrower 
as  they  approach  the  sternum.  The  lowermost  two,  called  the 
^*  floating  cartilages,"  are  short  and  pointed,  and  follow  more  the 
direction  of  their  ribs.  They  are  not  connected  with  the  other  car- 
tilages or  with  one  another. 


The  Bo-called  On^ificaiwn  of  the  costal  cartilages  take» 

Th€ir  oisiocft-     piji^   £n  a  ygry  irregular  manner   and  at  very  uncertain 

periods.     It  consists  rather  in  an  amorphous  clustering  of 

earthy  granules,    which  form    nodulated   masses   scattered   irregularly 

through  the  cartilage,  than  in  a  regular  process  of  osBilication.      The 
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matrix  of  the  cartilage  first  undergoes  tibrillation ;  and  this  may  oflen  be 
seen  to  have  occnrred  to  a  considerable  extent  when  no  earthy  matter 
has  been  deposited.  The  "  OBsification"  takes  places  in  the  first  carti- 
lage sooner  than  in  the  others,  and  in  men  more  firequently  and  at  an 
earlier  period  of  life  than  in  women.  The  remarks  at  p.  58  indicate 
that  it  is  a  morbid  change  rather  than  an  attendant  upon  old  age. 


COSTO'STERKAL  JOINTS.     (FhAm  XXHl.  Tig,  a.) 


The  mode  of  connection  of  the  several  cartilages  with  the  ster- 
nnm  varies  somewhat  in  different  indi^-idutils,  as  well  as  in  the  seve- 
ral costo-atemal  joints  of  the  same  person ;  and  it  is  not  always 
symmetrical  on  the  two  sides.  In  the  upijcrmost  joint,  where 
much  atrenj^th  and  little  movement  is  required,  tlic  cartilage  may 
be  miited  directly  to  the  bone ;  or,  as  in  the  Example  represented 
in  PL  XXIIL  fig.  2,  it  may  be  fastened  to  the  sternum  by  strong 
fibrous  tissue  at  one  part,  and  be  separated  from  it  by  a  small  syno- 
vial cavity  at  another.  The  2n€l  airti  lage  i^  more  regular  in  its  mode 
of  union  with  tlie  sternum  than  any  of  tlie  others.  It  is  received 
into  the  interval  between  the  manubrium  and  the  body  of  the 
sternum.  A  strong  fibrous  interarticular  ligament  ((?)  runs  from  a 
ridge-like  projection  at  its  extremity  to  the  sympliyBial  stmctiire 
between  the  t^vo  bones;  and  the  upper  and  lower  surfaces  of  the 
head  of  the  cartilage  are  applied,  the  one  against  the  edge  of  the 
manubrium,  the  other  against  the  contiguous  edge  of  the  body  of 
the  sternum ;  a  s}Tiovial  cavity  or  some  fine  areolar  tissue  inter- 
vening in  each  instance.  The  3rd  cartilage  fi^quently,  as  shown 
in  the  drawing,  terminates  in  a  rounded  end,  or  *i*ather  in  an 
end  compressed  a  little  above  and  below,  so  as  to  present  a 
slight  ridge  upon  its  summit.  This  cartilage  is  received  into  a 
socket  in  the  edge  of  the  sternum  ;  and  the  joint  is  provided 
with  a  regular  83movial  capside  (If).  The  4th  cartilage  ascends 
obli(iuely  to  join  the  stenmm ;  it  is  united  to  its  socket  in  that 
bone,  at  the  lower  part  of  its  head,  by  strong  ligamentous  fibres 
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(/),  which  run  upwards  and  inwards  from  the  bone  to  tlie  carti- 
lage; and  at  the  upjwr  part  by  a  synovial  capsule  {L),  Hence 
when  the  cartila]^.  is  raised  with  the  rib  in  inspiration,  its 
pressure  against  tlie  upper  part  of  the  socket,  and  its  traction 
by  means  of  the  ligamentous  fibres*,  upon  the  lower  part  of  the 
same,  combine  to  carry  the  sternum  w^th  it.  The  5th  cartilage 
joins  the  sternum  at  a  still  more  acute  angle  than  the  4th,  and,  in 
the  instance  represented,  was  united  to  it  by  fibrous  tissue  with- 
out any  synovial  cavity  at  alh  The  6th  runs  to  the  lower  end  of 
the  bone,  and  has  a  synovial  cavity  as  extensive  as  that  of  the  3rd. 
The  7th  also  has  often  a  s^niovial  cavity.  In  some  instances,  how- 
ever, especially  in  young  auhjectSj  there  are  no  83mo\^al  cavities  at 
all  discernible,  and  the  several  cartilages  are  joined  to  the  sternum 
by  variable  proportions  of  tough  ligsimentous  and  deUcate  areolar 
tissue  (PL  XXIL  fig,  1,  and  XXIIL  fig.  1).  There  are,  in  con- 
nection witli  each  costo-stemal  joint,  except  the  first,  two  ligaments 
consisting  of  radiating  fibres,  which  pass  from  the  cartilage  to  the 
sternum,  one  in  front,  and  the  other  behind  the  joint  (PI,  XXTII, 

fig.  3). 

The  movement  permitted  by  these  joints  is  slight, 
and  in  one  direction  only,  viz.  a  hinge-like  movement 
of  each  cartilage,  upwards  and  downwards,  upon  an  axis  drawn, 
from  before  back\\"ards,  tlirough  the  most  projecting  part  of  its 
extremity.  There  is  scarcely  any  antero-posterior  movement,  that 
is,  movement  upon  a  vertical  axis,  possible.  In  their  antero-poste- 
rior  movements  the  cartilages  do  not  revolve  upon  the  sternum, 
but  carry  that  bone  %vith  them ;  wherejis,  in  the  elevation  and  de- 
pression to  which  they  are  subjected  with  the  ribs  diu'ing  respira- 
tion, they  revolve  a  little  upon  the  sternum  as  well  as  cany  it  with 
them.  So  that  although  the  sternum  advances  and  retires  with 
the  cartilages,  and  to  as  gretit  an  extent  as  they,  it  does  not  ascend 
and  fall  in  nearly  the  same  degree  that  they  do.  This  difference 
in  the  share  taken  by  the  cartilages  of  the  ribs  and  the  sternum  in 
the  respiratory  movements  may  be  distinguished  by  any  one  who 
places  his  fingers  upon  his  owti  sternum  and  upon  his  costal  carti- 
lages near  the  junction  ^vith  the  ribs,  and  examines  the  changes  of 
position  which  they  respectively  imdergo  in  respiration. 


Moromenta. 


■ 


THE  THORAX. 


339 


The  5th   and  6th.  and  the  6tli  and  7th  cartilafi:e8 

Union  of  tlic  .     ,  '  ,  .  '^ 

outoa^es  wiUi  are  united  to  one  another  at,  or  just  in  front  of,  the 
point  at  which  they  make  their  bend  and  tnni  up  to  reach 
the  stemimi,  (PI.  XXII.  fig.  1,  K.)  The  cartilages  about  this  spot 
are  thickened ;  and  a  broad  blunt  process  extends  fi'om  the  lower 
edge  of  e^ch  to  the  upper  edpre  of  the  one  below,  and  comes  into 
contact  with  it,  and  tlie  opposed  surfaces  are  flattened  and  sepa- 
rated by  a  synovial  cavity,  A  series  of  regular  joints  is  thus  pro- 
vided, which  permit  slight  lateral  movement  of  the  cartilages  upon 
one  another ;  and  the  several  cartilages  are  securely  bound  tcigether 
by  ligamentous  fibres  passingj  from  one  to  the  other,  across  the  re- 
spective joints*  By  tlie  connection  of  thei»e  long  cartilages  with  one 
another  in  so  firm  a  manner,  the  framewT>rk  of  the  chest  is  much 
strengthened,  just  at  this  part  where  it  is  entirely  dependent  upon  the 
costal  cartilages  for  its  firmness.  The  other  cartilages,  as  low  as  the 
10th,  are  united  together,  either  in  a  similar  manner,  or  by  fibrous 
tissue  only,  or  by  continuity  of  stnicture ;  the  perichondrium  of  tiie 
one  is,  in  the  latter  case,  continuous  with  that  of  the  other.  The 
II th  and  12th  cartilages  are  connected  with  each  other  only  by 
the  intercostal  and  abdominal  muscles. 

y 

^H  The  joints  between  the  heads  of  the  ribs  and  the  bodies  of  the 

^P        vertebrae  (of  those  at  least  from  the  1st  to  the  10th)  resemble  that 
f  of  the  2nd  costal-cartilage  with  the  stemumj  inasmuch  as  each  rib 

I  is  fitted  into  a  depression  l:)etween  two  vertebras,  and  each  presenta 

^B         intcmrtiraJar    ^  ridge  upou  its  Summit  from  which  an  Inter articithir 
^H        ligMneEt.  ligament  runs  to  the  symphysial  or  intervertebral  sub- 

^^  stance.  This  interaiticular  ligament  (PL  XXIV,  fig.  2,  C)  is  not 
very  thick.  It  is  connected  rather  with  the  lower  than  with  the 
upper  part  of  tlie  intervertebral  substance,  in  consequence  of  its 
fibres  having  a  slight  inclination  downwards  from  the  rib  for  the 
pui-pose  of  preventing  the  ascent  of  the  head  of  the  rib^  which  the 
contraction  of  the  inspiratory  muscles  tends  to  induce.     There  are 
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various  other  provisions  wliich  combine  to  counteract  tliis  tendency, 
and  to  keep  the  head  of  the  rib  steady  in  its  place, *aiid  which  make 
it  the  centre  of  motion  in  tlie  accent  and  descent  of  the  shaft  during 
respiration.  Thus  the  articulating  surface  of  the  vertebra  above 
stands  out  boklly,  more  boldly  than  that  of  the  vertebra  below, 
so  as  to  afford  the  head  of  the  rib  an  efficient  iwi'nt  d'appui,  and 
most  of  the  costo-vertehral  ligaments  jire  so  disposed  as  to  contri- 
bute to  the  same  object.  The  intemrticular  ligament  divides  the 
joint  into  two  s}Tiovial  cavities ;  one  above,  between  the  upper  facet 
of  the  head  of  the  rib  and  the  vertebra  above ;  and  one  beneath^ 
between  the  hjwer  facet  of  the  head  of  the  rib  and  the  vertebra 
below. 

The  upper,  fore,  and  under»  parts  of  the  articulation 
vortebrai lig*^  are  covered  and  protected  by  the  fibres  of  the  Anterior 
costO'Vertehral  ligmnent  (hg.  1,  ^4),  wliieh  radiate  tram  the 
margin  of  the  head  of  the  rib  to  the  adjacent  parts  of  the  bodies  of 
the  vertebrae  and  the  interveiiebral  substance.  The  lower  portion 
of  the  ligament— that  which  covers  the  inferior  of  the  two  joints, 
and  which  is  attached  to  the  inferior  of  the  tw^o  vertebrae — is  tlie 
strongest.  It  is  rendered  tense  when  an  attempt  is  made  to  raise 
the  body  of  the  rib,  and  it  limits,  or  rather  prevents,  that  move- 
ment: it  also  limits  the  rotation  of  the  head  of  the  rib  which 
occurs  during  the  elevation  of  the  shaft  in  inspiration. 


DESCRIPTION  OF   PLATE  XXIV. 

Fig,  I,  Front  view  of  artioilationg  of  tliree  middle  ribs  with  their  vert&brsB. 
At  At  At  anterior  coBto-vortebral  ligauieota,  B,  B,  anU»rior  fibrea  of  euperiur  (>o«to- 
trftDaverse  ligamenia  passirig  from  eacb  rib  upwaitlg  and  outwardjf  to  the  tmDsverso 
prooOM  above  it.  C*,  C,  posterior  fibrea  of  the  some  i>Aa»ii]g  from  each  rib  upwrnxla 
and  inicatxla  to  thu  tran»ver»e  procais  above.  B^  D,  fibres  of  anterior  vertebral 
ligament. 

Fig*  3*  Vertical  ecction  from  side  to  aide  through  the  jointa  of  two  rib»  with  the 
Tcrtebral  bodieii,  aho^^ing  the  shape  of  the  articnlar  fluHac«8.  A,  A,  cut  edged  of  upper 
and  lower  parts  of  anterior  coa  to- vertebral  ligamenta,  B,  «>ji tenor  fibrea  of  superior 
cofftO'tranaverse  Mgamecta,     C,  C^  interarticular  ligaments. 

Fig.  3«  Hind  view  of  three  riba  and  the  corre«poiidiDg  tranaverBo  proeensM  of 
vertebrae.  Aj  A,  cut  eurfaces  of  bodies  of  vertebne  seen  obliquely.  B,  B^  npitiotis 
procewee.  (7,  C,  <7,  tranaverto  proc«a»es.  Z>,  i>,  poKterior  fibres  of  sujiorior  oosto- 
tranavene  ligamenta.     E^  Et  jioaterior  coeto-tranaverae  ligamenta. 
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cotto-traiuTcm  ^  spiovial  cavity,  with  a  loose  capsule,  intei-veneft 
UgwncnK  bctweeii  each  rib  and  the  transverse-,  proce^^s  iii)on  which 
it  rests;  and  three  Costo-transverse  ligaments  (PI.  XXIV.  B,  C,  E) 
connect  each  rib  with  its  transverse  process.  Of  these  the  Supe-' 
rtor  passes  to  the  transverse  process  above ;  it  consists  of  an  ante- 
rior and  a  posterior  jjortion,  the  fibres  of  which  take  different  direc- 
tions, crossing  one  anotlier.  The  fibres  of  the  anterior  portion  {B) 
pass  from  the  prominent  ridge  on  the  upper  edge  of  the  neck  of  the 
rib,  upwards  and  outwards,  to  the  under  edge  of  the  transverse  pro- 
cess. They  prevent  the  head  of  the  rib  from  being  driven  inwards 
and  forwards ;  and,  being  rendered  tight  when  the  shaft  of  the  rib 
IS  much  depressed,  they  have  some  influence  in  checking  that  move- 
ment. Moreover  J  from  the  obliqnitj'  of  their  direction,  they  limit 
the  rotation  of  the  liead  and  neck  of  tlie  rib  ujjon  the  vertebrae, 
and  so  set  bounds  to  the  elevation  of  the  sliaft  of  the  rib.  They, 
therefore,  serve  the  double  purpose  of  restraining  both  the  rising 
and  falling  of  the  ribs  in  inspiration.  The  fibres  of  the  hinder 
portion  (G)  are  fewer  and  thinner.  They  pass  from  the  hinder  part 
of  the  upi>er  edge  of  the  rib  upwards  and  inwards  to  the  hinder 
and  lower  edge  of  the  transverse  process.  They  limit  the  descent 
of  the  rib  in  expiration.  The  Posterior  costo-lransverae  ligament 
(fig.  3,  E),  strong  and  broad,  passes  from  the  extremity  of  the  trans- 
verse process,  outwards,  wnth  a  slight  inclination  upwards,  to  tlic 
roughness  on  the  exterior  of  the  articulating  facet  of  the  rib.  It 
limits  both  the  ascent  and  the  descent  of  the  rib ;  but  the  direction 
of  its  fibres  is  such  as  to  render  it  a  more  efi'ectual  check  upon  the 
former  movement.  The  MtddU  cmtO'traiisverse  ligament  (PL  XXV, 
fig.  2,  B)  consists  of  fibres  passing  directly  between  the  transverse 
process  and  the  neck  of  the  rib ;  it  is  not  seen  unless  the  bones  be 
separated  from  one  another,  or  unless  a  section  be  made  through 
them.  It  limits  all  the  movementSj  and  prevents  the  ribs  being 
driven  forwards.  In  the  case  of  the  lower  ribs,  where  the  tubercles 
are  deficient  and  the  vertebral  transverse  processes  are  much 
shorter,  these  costo-transverse  ligaments  are  longer  and  weaker, 
and  have  less  restricting  influence  upon  the  movements  of  the 
ribs. 
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Th     toint*  ^^^  joints  between  tlie  ribs  and  the  spine  and  between  tbe 

rarely  dislocated  cartilages  and  the  stermim  are  veiy  seldom  the  seat  either 
of  difiloraition  or  <liseaae.  Their  remarkable  immimitj  from 
disease  may  possibly  have  some  relatioo  to  the  incessant  recurrence  of 
their  movements,  which  is  maintained  thronghout  life  in  the  work  of 
respiration;  probably  it  has  still  more  relation  to  the  limited  range  and 
the  great  regularity  of  these  movements,  and  to  ita  being  scarcely  pos- 
sible that  they  should  be  overstrained  by  any  voluntary  or  involuntary 
exertion, 

tntnoofUi  None   of  the  ribs  lie  in  a  tinly  horizontal  plane. 

*5P*»^  They  are  aU  directed,  more  or  less  obliquely,  downwards 

from  the  vertebral  column ,  so  that  the  anterior  extremities  are  at 
a  lower  level  than  the  posterior.   This  is  so  even  in  the  case  of  tlie 


BESCKlPnON  OF  PLATE  XXV. 

SteHimi  ofjini  and  BevefOh  eott<>-mrkhral  Joints  contrasted. 

Tig,  1.  Horizontal  H^ction  tbrongh  the  body  of  the  first  dofBal  vertebra  &Qd  the 
joint  with  the  first  rib  on  either  side,  showing  the  trjuiaverse  directmo  of  the  neck  of 
the  rib,  the  ih^ie  of  the  head  of  the  rib,  and  ItH  position  on  thu  tide  of  the  body 
of  the  vertebra.  A,  anterior  cos  to- vertebral  ligament.  Bf  middle  costo-truna  verse 
ligament. 

Fig.  1,  Horkonta!  section  through  the  joints  of  the  7th  ribs  and  the  interverte- 
bral substance  between  the  6tb  xnd  7th  dorsal  vertebrse,  showuig  the  oblique  direction 
of  the  neck  of  rib  on  either  side,  the  comparatively  Hraall  atitero-posterior  depth  of  the 
hcjad  of  the  rib^  and  the  position  of  the  articular  facet  for  it  upon  the  hack  part  of  the 
body  of  the  vertebra,  A  and  B,  as  in  preceding  figure,  t',  the  spine  and  arch  of  the 
6th  vertebra,     i>,  the  ligamentum  sub-flAvmn.     £,  the  intenuticular  ligament. 

Fig.  3,  Vertical  section  from  side  to  side  through  the  bodies  of  the  last  cer- 
vical {A)  and  the  upper  two  dorsal  vertebrse  {B  and  C),  imd  through  the  upper 
two  co«tO'Vertebrai  joints,  showing  the  slight  depths  from  above  downwards,  and  the 
rounded  form  of  the  Articular  ends  of  the  ribs  (Z^  and  £),  particiUarly  of  the  first  rib. 
jP,  P,  Ff  Ft  edges  of  ccwto- vertebral  ligaments. 

Fig.  4,  Corresponding  section  through  the  7th  CJOSto  vertebral  joint.  The 
midtile  of  this  joint,  being  on  a  plane  behind  the  bodies  of  the  vertchnei,  the  saw  has 
pass«Hl  through  the  veriebml  arches,  and  exposed  the  vertebral  canal.  The  two  facets 
of  the  rib  on  either  side  are  seen  placed  almost  at  right  angles  with  regard  to  one 
another j  and  are  adapted  to  the  facets  on  the  bodie*  of  the  contigtious  vertebne. 
A,  A,  cut  edges  of  iipp«r  and  lower  parts  of  anterior  cosio- vertebral  ligament, 
Bj  intenuticular  ligament.  C,  the  lower  part  of  6th  rih^  its  upper  edge  and  upper 
articular  faoet  have  been  removed  with  the  body  of  the  vertebra  above. 
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first  rib;  and  the  upper  edge  of  the  etennim  is  accordingly  l>eIow 
the  level  of  the  first  dorsal  vertebra.  The  degree  of  obliqtiity 
with  which  tlie  ribs  descend  from  the  spine  increases  from  the  1st 
to  the  7th,  Hence  the  intercostal  spaces  are  wider  at  the  antero- 
lateral parts  of  the  chest  than  behind ;  and  this  is  more  especially 
the  case  in  the  neighbourhood  of  the  7th  rib.  Owing  to  the  manner 
in  which  the  costal  cartilages  converge  to  the  atemmn  (PL  XXII. 
fig.  1),  the  intercostal  spaces,  from  the  3rd  to  the  8th  particularly, 
become  quickly  narrower  as  they  approach  the  middle  line  in  front. 
These  spaces  are  accordingly  narrowest  near  the  sternum  ;  some  of 
them  are  quite  pointed  there;  they  gradually  widen  as  they  ap- 
proach the  ribs,  are  widest  between  the  fore  parts  of  the  ribs,  and 
again  become  a  little  contracted  as  we  trace  them  nearer  to  the 
spine, 

.  „.  It  follows  also  from  the  oblique  direction  of  the  ribs 

hIttdL  of  oblique  ^  ^ 

porition  of  libe  and  the  construction  of  the  costo-vertebral  joints,  that 
when  the  shafts  of  the  ribs  are  raised  in  inspiration,  the 
anterior  extremities  are  brought  more  nearly  to  a  level  with  the 
posterior,  and  the  aniero-posterior  diameter  of  the  chest  is  thereby 
increased.  This  end  is  still  further  attained  by  the  stemimfi  being 
so  connected  with  tlic  cartilages  of  the  ribs  that  it  is  raised  with 
them,  and  is  carried  forward  at  the  same  time. 

But  the  ribs  are  not  only  slanted  in  the  direction  just  indicated, 
viz,  downwards  and  forw^ards  from  the  vertebral  column ;  they  are 
oMique  also  in  their  relation  to  a  transverse  plane ;  that  is  to  say, 
their  middle  parts  are,  on  either  aide,  placed  at  a  considerably 
lower  level  than  their  points  of  connection  T^^th  the  vertebral 
column  and  the  sternum.  This,  which  results  from  the  cimrature 
of  the  ribs  in  a  horizontal  plane  referred  to  at  page  329,  and  from 
the  oblique  descent  of  the  costal  cartilages  from  the  sternum,  is 
most  marked  in  the  middle  of  the  chest,  and  is  scarcely  observable 
in  the  upper  and  lower  ribs.  It  results  from  the  obliquity  in  this 
direction,  that  when  the  ribs  are  raised  the  lateral  diameter  of  the 
cliest  is  increased  as  well  as  the  antero-posterior  diameter;  and  the 
increase  whicli  takes  place  in  both  diameters  is  proportionate  to  the 
degree  of  the  obliquity  in  the  two  directions  indicated,  and  to  the 
amoimt  of  doiv^iward  bend  in  the  ribs  near  their  angles.      It  is 


344 


THE    THOEAX. 


therefore  "but  slight  in  the  highe.^t  and  lowest  parts  of  the  thorax ; 

and  13  greatest  at  the  middle,  or  ibont  the  7th  rib.     This  acccirds 

with  the  statement  made  page  333,  that  the  upper  ribs,  in  their 

ascent  and  descent  during  respiration,  revolve  upon  iratisverse  axe-s, 

drai^Ti  through  their  heads,  necks,  and  the  intervening  vertebra? ; 

but  that  the  centres  of  motion  of  the  ribs  nearer  tlie  middle  of 

the  chest  are  antero-postenor  axcin,  drawn  from  before  backwards 

through  the  joints  with  the  sternum  and  through  those  with  the 

spine.     It  accords  also  with  w^hat  has  been  said  of  the  differences 

of  shape  of  the  articuhiting  surfaces  of  both  the  costo- vertebra!  and 

of  the  costo-trans verse  joints  in  these  two  parts  of  the  chest, 

,   The  provision  tlius  afforded  for  increasing  the  trans- 
Movement  out-  /  ^  ^ 

ward  of  fore  vcrsc  diameter  of  the  middle  part  of  the  thorax,  by 
means  of  the  downward  bend  of  the  ribs  at  their  angles, 
affects  chiefly  the  posterior  half  of  the  chest.  An  additional  pro- 
vision for  increasing  the  transverse  diameter  of  the  anterior  half  of 
the  chest,  is  afforded  by  the  movement  of  the  anterior  extremity  of 
the  ribs  ouiwanls  when  they  are  raised  in  inspiration.  These  arc 
not  only  elevated  and  carried ^^-ward,  they  arc  also  carried  a  little 
oK^wards  or  abducted,  and  are  again  drawn  towards  or  adducted  in 
expiration.  So  that  it  is  not  correct  to  say  that  a  rib  rotates 
upon  the  chord  or  line  drawn  through  its  two  extremities,  mdess 
the  cartilage  be  included  with  the  rib,  and  the  chord  be  drawn 
through  the  projecting  line  dividing  the  articulating  surface  on 
the  head  of  the  rib  and  throngh  tlie  tcnniual  point  of  the  costal 
cartilage. 

Thus,  in  inspiration,  the  antero-poskriar  diameter  of  the  chest  is 
increased  by  the  elevation  of  the  fore  parts  of  the  ribs,  so  as  to 
bring  them  more  nearly  to  a  level  vnt\i  their  hinder  extremities,  and 
by  the  consequent  projection  of  the  sternum  and  costal  cartilage^s 
forwards;  and  the  trmisverse  diameter  is,  at  the  same  time,  in- 
creased, ifi  front,  by  the  outward  movement  of  the  anterior  extre- 
mities of  the  ribs,  and,  bekindy  by  the  elevation  of  the  pides  of  the 
ribs.  These  changes  in  the  diameters  of  the  chest  are  effected, 
easily  and  qnietly,  by  very  slight  movements  of  the  individual  ribs, 
owing  to  the  skilftd  construction  and  admirable  jointing  of  those 
bones  w^th  the  spine,  and  of  their  ciirtilages  ivith  the  sternum. 
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The  variation  in  tlie  size  of  the  chest,  by  the  altera- 
fficreiiM(»fe»r  t^^^  ^f  t^^^  length  both  of  it&  antero-posterior  and  traos- 
ST^ta^*****  verse  diameters  in  the  manner  just  mentioned,  takes 
place  to  the  greatest  extent  where  its  capacity  is  already 
grtmtest,  where,  accordingly,  the  largest  amount  of  lung  is  con- 
tained ;  that  is,  about  the  situation  of  tlie  7tb  rib.  This  rib  is  the 
longest,  the  most  obliquely  placed,  and  the  most  bent  downwards 
at  its  angle;  it  possesses,  therefore,  in  the  greatest  degree,  the 
qualities  for  increasing  the  diameters  of  the  chest  when  it  is  raised 
iji  inspiration,  and  it  encircles  the  most  voluminous  part  of  the 
lung.  The  first  rib,  which  possesses  these  qualities  in  the  least 
degree  and  is  least  moveable,  encircles  the  lung  near  its  apex; 
and  the  ribs  below  the  7th  have  less  and  less  relation  with  the 
lungs  in  proportion  as  they  are  lower  and  shorter,  and,  therefore, 
less  adapted  to  affect  the  capacity  of  the  thorax  by  their  move- 
ments. The  part  of  each  rib  moreover — of  the  ribs  at  least 
between  the  3rd  and  the  8th — which  is  most  oblique,  and  which, 
by  a  given  amount  of  movement,  causes  the  greatest  alteration  in 
the  size  of  the  chest,  is  the  hinder  portion  of  the  shaft — the  part 
at  and  near  the  angle^ — i  and  this  part  is  in  contact  with  the 
thick  hinder  region  of  the  lung,  where  a  greater  number  of  air-cells 
and  blood-vessels  are  crowded  together  than  in  any  otlier  area  of 
equal  sl^e,  and  where,  accordingly,  a  larger  proportion  of  the  work 
of  respiration  is  carried  on. 

The  increase  in  the  capacity  of  the  chest  in  a  vertical 

Incraueofcft- 

pwdtrinftTer-  direction  is  effected  above,  where  the  lung  is  small,  by 
the  elevation  of  the  upper  ribs,  the  flat  surfaces  of  w^hich 
look  upwards  and  downwards.  Below,  where  the  lung  is  large,  it  is 
effected  by  tlie  descent  of  the  diaphragm ;  the  convex  upper  surface 
of  which  ascends  to  a  considerable  height  into  the  lower  broad  part 
of  the  thorax,  and  acta  in  an  especial  manner  upon  the  inner  con- 
cave parts  of  the  lungs,  while  the  ribs  affect  chiefly  their  exterior 
convex  surfaces. 


It  may  be  observed  that  the  acute  diseases  of  the  limg  are  most 
frequent  at  the  parts  where  the  changes  in  the  capacity  of  the  thorax  are 
greatest,  viz.  at  the  lower  and  hinder  parts ;  and  that  the  chronic  diseases 
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are  more  common  in  the  npper  regiona^  where  the  moTement?  of  the 
thoracic  parietes  are  least  &ee. 

_^  The  diapogition  of  the  ribs,  with  ireference  to  the 

Sffbet  of  Inter-  .  . 

msfeAimBidM    action  of  the  intercostal  musclea,  is  well  explained  by 

Dpon  tlie  iDove-  ,  .  *  ¥ 

manuoftiie  Dt  Hutchiiison  ID  the  Cyclopedia  of  Anatomy,  Art. 
Tliorax,  He  finds  by  experiment  *'  that^  although  the 
chest  is  conical,  the  ribs  segments  of  circles,  and  the  spine  mo- 
bile, yet  that  treating  tliem  as  planes  and  lines  will  not  lead  to 
error/*  For  instance,  if  t lie  rotation  of  parallel  straight  bars  on  a 
rigid  perpendicular  body  (as  in  PL  XXVI.  fig.  1)  increases  and 
decreases  the  distance  between  thera,  it  vdW  do  so  when  they 
are  curved  like  the  ribs;  and  the  intercostal  muscles,  acting  as 
forces  between  bars  or  ribs  which  rotate  upon  the  spine,  have  the 
effect  of  inducing  this  rotation,  of  causing  the  anterior  extremities 
of  the  riba  to  rise  or  fall,  and  so  of  increasing  or  decreasing  the  in- 
tercostal spaces  accordingly. 

Tlie  mode  in  whicli  this  takes  place,  and  the  share  which  the 
external  and  internal  intercostal  muscles  have,  in  different  part^  of 
their  length,  in  producing  these  movements,  are  illustrated  in  the 
article  just  mentioned  by  a  series  of  diagrams,  from  which  those  in 
Plate  XXVL  are  taken,  with  some  slight  modifications.  In  fig.  2, 
the  bars  (or  ribs)  AB,  CD  rotate  upon  the  perpend ieidar  rod  {or 
spine]  EE.  They  are  connected  by  oblique  tensions  (or  intercostal 
fibres),  X  and  y,  representing  respectively  the  external  and  internal 
intercostals.  It  is  found  that  the  action  of  each  such  tension  Unds 
to  vwve  both  bars  or  ribs  towards  that  fulcrvm  which  is  tiearesl  to 
one  of  its  aftaehments*  The  effect,  therefore,  of  the  action  of  a?  (the 
external  intercostal  fibres)  will  be  to  elevate  the  bars  towards  A, 
whereas  that  of  the  other  tension  y  (the  internal  intercostal  fibres) 
will  be  to  depress  them  towards  C  The  position  of  the  bars  at  m 
is  an  exaggerated  representation  of  that  of  the  ribs  in  the  human 
thorax  slanting  obliquely  from  the  spine  downwards  and  forwards. 
It  is  evident  that  the  effect  of  the  contraction  of  the  fibres  x  will 
tend  to  shorten  them,  and,  in  so  doing,  will  raise  the  anterior 
extremities  of  the  bars,  and  i^iU  increase  the  distance  between 
them.  Thus  the  parts  are  so  arranged  that  the  external  intercostal 
fibres,  passing  obliquely  between  the  several  ribs,  have  the  effect  of 
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elevating  them  all,  and,  by  so  doing,  increase  the  intervals  between 
them.  The  maximum  distnnce  between  the  ribs  is  attained  when 
they  rea^h  the  horizontal  position;  and  this  is  the  limit  beyond 
which  they  cannot  be  raised.  It  may  seem  strange  that  a  aeriea  of 
muscular  fibres  pa^ssing  from  one  bone  to  another  canj  by  their 
contraction,  increase  the  distance  between  the  two  bones.  Never- 
theless, such  is  evidently  the  effect  of  the  action  of  the  greater 
number  of  external  intercostal  fibres  upon  the  several  ribs  to  which 
they  are  attached*  The  action  of  the  internal  intercostalsj  which 
take  a  different  direction  from  the  fibres  of  the  external  intercostals, 
is  just  the  reverse  of  the  latter.  By  their  contraction  they  tend  to 
depress  the  anterior  extremities  of  the  ribs,  and  to  diminish  the 
intervals  between  them ;  but,  forasmuch  as  they  do  not  extend 
along  the  whole  length  of  the  intercostal  spaces,  being  deficient 
between  the  angles  and  heads  of  the  ribs,  their  influence  is  not  so 
great  as  that  of  the  external  layers. 

It  is  to  be  remembered  that  the  direction  of  the  cos- 

The  rcJiaon  tliat 

the ejitenug in-  tal  cartilagcs  is  difierent  from  that  of  the  ribs;  they 
extend  bet^^  slant  bockwnrds  and  downwards  from  their  fulcrum  at 
tuLo^***  '*'"  the  sternum  instead  of  downwards  and  /J^rwards  j  and 
the  efifect  of  the  action  of  the  intercostals  between  them 
must  also  be  diflerent.  According  to  the  rules  just  given,  it  is 
evident  that  the  external  intercostals,  if  continued  into  the  spacea 
between  these  cartilages,  would  tend  to  depress  the  anterior  ex- 
tremities of  the  ribs,  and  to  decrease  the  distance  betw^een  them ; 
in  short,  would  just  tend  to  antagonize  the  influence  of  the  fibres  of 
the  same  muscles  which  are  placed  upon  the  ribs.  To  prevent  the 
loss  of  power  which  would  be  thereby  entailed,  these  muscles  atop 
short  at  the  extremities  of  tlie  ribs,  and  do  not  extend  into  the 
intervals  between  the  cartilages.  Their  office  in  this  situation  is 
supplied  by  the  internal  intercostals  which  here  act  the  part  of 
elevators  of  the  ribs.  It  results,  therefore,  from  the  direction  of  the 
ribs  and  their  cartilages,  that  the  intercostal  fibres  are  all  elevators 
of  the  ribs  and  agents  in  inspiration,  with  the  exception  of  that 
portion  of  the  internal  layer  which  is  sitnated  between  the  costal 
cartilages  and  the  angles  of  the  ribs. 

This  is  further  illustrated  in  fig.  3.     "  kk  represents  the  spine, 
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hb  the  steraiim,  the  bars  aa  the  ribs,  and  the  bars  aV  the  costal 
cartilages  luiiteil  to  the  bars  reprc.^enting  ribs  by  moveable  joints; 
r  represents  the  external  iritercostals.  These  we  know  act  as  ele* 
vators ;  while  those  at  h,  repreaenting  the  internal  intercostals,  are 
associated  with  thcra  in  action,  although  they  observe  a  contrary 
direction,  because  they  act  upon  the  fulcnim  hb.  In  fact  they  are  ele- 
vators of  the  levers  representing  the  cartilages."  "  Wliat  now  is  the 
combined  action  of  a  series  of  two  such  tensions  ?  The  whole  body 
of  levers  will  be  raised,  and  tlic  part  bb  representing  the  sternum 
will  have  two  motions.  It  will  he  raised  and  moved  forwards  into 
the  position  of  b'h\  This  is  precisely  the  motion  of  the  stemnra 
in  deep  inspiration."  *'It  will  also  be  seen  that  these  six  bars, 
though  moving  equally,"  inasmuch  as  they  diller  in  length  and 
degree  of  obliquity,  "  mil  produce  an  unequal  effect  ujion  tlie  body 
ii,  forcing  out  the  lower  end  more  than  the  npper  end.  The  ribs 
of  man,  in  the  same  manner,  increase  in  their  length  from  the  1st 
to  the  8th,  and,  therefore,  by  an  equal  mobility,  an  unequal  protni- 
slon  of  the  stenium  is  produced,  advancing  the  lower  end  more 
than  the  upper  end.  We  have  reason  to  believe  tliat  the  mobility 
of  all  the  ribs  is  the  same,  and  that  it  m  by  their  different  lengths 
that  the  different  degrees  of  the  protrusion  of  the  anterior  part  of 
the  thorax  may  be  accounted  for^" 

Thus,  during  ins]>iration,  the  cavity  of  the  chest  is 
most cniaJTi^t'd  enlarged  m  every  direction,  except  that  of  the  spine, 
which  forms  the  fixed  point  or  fidcrum  upon  which  the 
movements  of  the  other  parts  takes  place.  It  i.^  true  that  a  slight 
change — a  slight  straightening— occurs  even  in  the  spine  during 
deep  inspiration ;  but  this  has  relation,  rather  to  the  placing  the 
ribs  in  a  more  favourable  position  for  the  cxpansirju  of  the  thorax, 
by  increasing  their  obliquity  with  regard  to  the  spine,  than  to  any 
actual  increase  of  the  cavity  of  the  chest  as  a  direct  effect  of  the 
movement  itself.  The  wall  of  the  chest  immediately  opposite  to 
the  spine — ^the  sternum — is  that  which,  next  to  the  spine,  is  least 
effected  by  the  movement  of  inspiration  ;  and  the  part  of  the  tho- 
racic cavity  intervening  between  these  two,  which  is,  by  far,  the 
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shallowest  part,  measuring  only  about  four  iuclfces  from  before  back- 
wards, undergoes  hm  change  of  size  than  any  other  in  respiration. 
The  comparative  uniformity  of  this  median  portion  of  tlie  thorax 
accords  well  with  the  nature  of  its  contents,  which  are  the  heart 
and  great  vessels,  the  absorbent  glands^  the  cesophagus  and  the 
bronchi.  All  the  other  regions  of  the  thorax  above  the  diapliragm 
are  occupied  by  lung,  and  mto  the  spongj'  tissue  of  the  various 
parts  of  this  organ  the  air  is  sucked  by  the  expansion  of  the  tho- 
taeic  cavity  hi  every  direction. 

In  the  normal  expansion  of  the  thorax  the  upper 

Ortler  of  cxpan-      ^  ^  ... 

•ionofBevena  nbs  arc  raised  first,  the  otliers  following  in  quick  suc- 
cession. In  the  female  the  commencement  of  this 
movement  precedes  that  of  the  diaphragm  by  a  very  slight  inter- 
val; whereas,  in  the  ordinary  in.spiration  of  the  male,  the  latter 
has  a  little  the  precedence.  On  this  account  tlie  former  has  been 
called  **  costal,"  the  latter  "abdorainar*  respiration.  In  both  male 
and  female  the  abdominal  type  prevails  in  early  life.  It  gra- 
dually changes  towards  puberty,  when  it  becomes  costal  in  the 
female.  It  again  partakes  more  of  the  abdominal  character  in  old 
age  in  both  sexes. 

E^riiutton.  'r'^^  expansion  of  the  chest,  which  is  the  result  of 

iiow ciTei tc4.  j^  muscular  eiFort,  is  a  forced  condition;  forasmuch  as 
the  walls  of  the  thoracic  cavity  and  of  the  abdomen,  and  other 
parts  are,  during  inspiration,  forced  from  that  which  may  be  called 
their  condition  of  rest,  and  are  put  ujwn  the  stretch.  When  the 
active  effort  of  inspiration  ceases,  they  gradually  return  to  their 
more  natural  state ;  and  in  so  doing  they  compress  and  partially 
empty  the  Imigs,  in  which  they  are  assisted  by  the  elastic  quality 
of  the  pulmonary  tissue.  There  is  no  doubt,  however,  that  the  or- 
dinaiy  movement  of  expiration  is  effected  more  by  the  resiliency  of 
the  thoracic  parietes  than  by  the  contraction  of  the  lung  itself,  and 
that  the  air  is  driven  out  of  the  lung,  in  great  measure,  by  the 
external  pressure  gradually  exerted  upon  the  surface  of  the  organ. 
It  is  by  regarding  this  external  pressure  as  the  great  agent  in  expi- 
ration that  we  can  alone  explain  the  protrusion  of  the  lung  which 
we  eometimea  see  taking  place  through  a  wound  in  the  thoracic 
parietes,  or  the  occurrence  of  emphysema  of  the  subcutaneous 
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cellular  tiasue  consequent  on  a  wound  of  the  lung  from  fracture  of  a 
rib,  while  the  ordinary  respiratory  sounds  may  I>e  heard  throughout 
the  affected  lung.  The  ktter  I  have  repeatedly  observed;  and  in 
one  case  of  extensive  wound,  through  an  intercostal  space  where  the 
lung  was  uninjured,  I  was  much  f^truck  with  the  manner  in  which 
the  lung  protruded,  and  continued  to  do  so  after  I  had  returned  it, 
even  after  I  had  stitched  up  the  wounds 

f-ifectto  ^^^  ^^^y  ^^*^  *^^  resiliency  of  the  thoracic  parietes 
•rtMcuireaiii-  rcstore  them  to  the  ordinary  condition  of  expiration  when 
they  have  ceased  to  be  influenced  by  the  contraction  of 
the  inspiratory  muscles.  It  will  do  the  same  if  by  any  means,  such 
as  the  pressure  of  the  hands  upon  the  chest,  a  pretematurally  ^rc€<i 
state  ofexptratwfi  be  induced.  In  this  way  artificial  respiration  may 
readily  be  maintained^  without  any  apparatus  or  difficulty,  by  simply 
squeezing  the  fore  and  lower  part  of  the  chest  between  tlie  hands,  so 
as  to  drive  out  the  air  and  effect  a  forced  state  of  expiration ;  and 
then  removing  the  hands,  when  the  chest  will  expand  and  air  will 
re-enter.  The  proceeding  may  be  repeated  as  long  as  necessary. 
In  children,  especially,  where  the  walls  of  the  chest  are  flexible 
and  elastic,  this  plan  will  often  answer  well :  I  am  sure  that  I  have 
more  than  once  saved  life  by  resorting  to  it^ 

The  foUowinsr  are  the  more  important  mean  mea- 

8i«  and  vital  ^ 

cipiuHtyof       smementB  of  the  thorax  taken  from  fourteen  males  and 
six  females  by  Dr  Hutchinson ; 


males. 
31  mchea 


Maximum  interna!  circumference 
Intemid  circamference  of  right  half     . 

Do.                        left  hnlf      ...  15 

Greatcflt  depth  from  before,  backwards                   »  6.5 
I>ifltance  between  sternum  and  bodies  of  doreal 

vertebra       .         ,          .          .          ...  4 

Greatest  breadth  of  cavitj    .         .         .         .         *  9 

Internal  ffQpet€oiea  of  ooatal  wallB  of  thorax  .         .  ^58  sq.  in, 

Depth  from  apex  to  arch  of  diaphragm^  right  side  7  in. 

Do.                                 left  filde  9 


14  iDcbea 

n 

6 

4 
8 
^  11  sq.  In, 

7  in. 
8 


Vital  capacity 


-  205  cub.  In,  187  cub.  in. 


^  The  force  required  to  overcome  this  oofttal  elaatidtj  for  the  insufflation  of  900 
cabtc  inches  of  air  is  ej9tiinat<?d  by  Dr  Hutchinson  as  equal  to  450  11m. 

*  Dr  Marshall  Hairn  method  of  imitating  respiration  in  casee  of  asphyxia,  con* 
aiets  in  repeatedly  "Lurmng  (he  body  gently  but  completely  (m  tht  wie  and  a  little 
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He  observes  that  "'  a  certaLii  rule  of  illation  must  necessarily 
exist  between  the  size  of  a  man  and  the  dimensions  of  his  thora(!tc 
cavity,  A  man  seven  feet  high  will  have  a  larger  chest  than  one 
five  or  six  feet  high,  Bnt  there  is  no  constant  and  uniform  relation 
of  the  size  of  tlie  chest,  either  to  the  height  or  weight  of  the  body. 
The  function  of  the  chest,  however,  as  indicated  by  the  quantity  of 
air  which  we  can  expel,  is  in  strict  rehition  to  the  minute  difference 
of  a  single  inch  of  stature,  or  to  10  lbs.  of  weight."  *'A  man 
5  feet  4  inches  high  measured  from  the  apex  of  the  chest  to  the 
base  10^  inches,  whilst  a  man  of  5  feet  10  inches  only  measured 
7i  inches  in  the  same  direction,  or  the  shorter  man  exceeded  the 
taller  by  3  inches  in  the  perpendicular  depth  of  his  thoracic  cavity" 
(the  transverse  measurement  is  not  given) ;  *'  bnt  the  taller  man 
could  exceed  the  sliorter  by  a  volume  of  77  cubic  inches  of  air  at 
one  deep  expiration.  In  fact  the  whole  of  the  internal  mciismre- 
ments  (cubic  or  diametric)  clearly  bear  no  relation  to  the  height  or 
weight  of  the  man,  whilst  vital  capacity  does  so  in  an  exact  ratio." 
The  walls  of  the  thorax  are  developed  in  the  vis- 
ceral plates  of  the  embryo,  which,  passing  over  the 
sides,  unite  in  the  median  line  in  front.  The  union  takes  place 
first  at  the  upper  part  where  the  manubTinm  stemi  is  formed,  and 
progresses  downwards  towards  the  abdomen.  Throughout  foetal 
life  the  thorax  is  of  small  size  in  comparison  witli  the  rest  of  the 
foetus,  and  particularly  in  comparison  with  that  of  the  abdomen, 
which  accords  with  the  relation  in  size  between  the  lungs  and  the 
liver  at  this  time.  Its  antero-posterior  raeasurement  also  exceeds 
the  transverse;  the  ribs  are  but  little  bent  at  their  angles,  and 
proceed  almost  directly  forwards  and  downwards  from  the  spine, 
ChingeiBficr  Immediately  after  birth  the  chest   undergoes  con- 

^^*^  siderable  lateral  expansion;    it,  as  well   as   the   other 

organs  concerned  in  respiration,  having  been  already  fitted  for  the 
entirely  novel  conditions  in  which  they  are  now  suddenly  placed, 
by   the   marvellous   preparatory   w*orkings   of   the   developmental 


DeTedopment 


heyottd  (when  *Rfipimiion  wUl  occur)  uid  then  on  the  face,  making  gentle  proMure 
»kmg  Uie  back  (when  fxpiration  wilt  take  place)  alternately/'  Lamctif  Aogiut  i,  1856. 
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processes.  Sabsequently  a  progressive  increase  in  the  size  of  tlie 
tliorax  goes  on  tbrrtugh  the  whole  period  of  life;  which  is  attended 
with  some  alteration  in  shape.  The  tran.'^vci'se  diameter  gradually 
gains  more  and  more  upon  the  antero-posterior ;  the  difference 
between  the  two  being  greatest  in  the  old  man.  Tiiesc  changes 
are  effected,  till,  and  for  some  time  after,  adolescence,  by  the 
growth  of  tlic  several  components  of  the  walla  of  the  thorax,  and 
by  tlie  bolder  sweep  which  the  ribs  take  at  their  angles,  as  well  as 
by  the  diminished  obliquity  with  which  they  pass  from  the  spine. 

In  the  chest  of  the  child  the  hollow  formed  by  the  curve  of  the 
ribs  on  either  side  of  the  spine  is  comparatively  shallow,  and  the 
dorsal  spinous  processes  project  on  the  jKysterior  aspect  beyond  the 
level  of  the  ribs.  In  the  adult  this  hollow  beside  the  spine  is 
much  deepened,  the  ribs  and  the  transverse  processes  Ix^ing  inclined 
backwards  from  the  bodies  of  the  vertebrsB  in  a  more  marked 
manner;  so  tliat  tlie  convex  posterior  surface  of  the  ribs  is  on 
a  level  mth,  or  even  projects  beyond,  the  spinous  processes. 
Moreover  the  bend  in  the  ribs  downwards  from  their  heads  is  more 
decided  iu  tlie  adult  than  in  the  child. 

EnUrB«mciit  of  ^^^^  chcst  not  Only  ^Totvs  larger  and  undergoes  the 
^'='^'*^^' changes  nf  shape  just  mentioned,  dming  the  approach 
with  kttcaiiig  to  adolesccnce ;  it  also  acquires  more  the  shajje  and 
**  *  conditions  which  it  has  duiing  inspiration.  After  the 
adult  jjeriod  the  walls  of  tlie  tliorax  cease  to  grow.  Nevertheless, 
the  chest  commonly  gets  larger,  broader  and  rounder.  This  is 
effected  by  a  diminution  of  the  obliquity  of  the  ribs,  by  a  nearer 
approach,  that  is,  to  the  c^>ndition  of  inspiration  in  the  position  of 
the  ribs  and  the  stcnium;  there  is  also  a  gi-eater  depth  of  the  ver- 
tebral cun-e  in  the  back.  So  that  although  the  actual  capacity 
of  the  chest  thus  becomes  greater,  yet  the  mobility  of  its  parietcs 
and  its  vital  capacitj^,  as  measm'cd  by  the  amount  of  air  it  is  able 
to  admit  and  expel,  are  diminished^     Indeed  it  may  be  stated  as 


^  TkJJB  aoootda  with  tbe  result  of  obaervationB  nmde  by  Dr  Hutchinson  in  a  gremt 
number  of  c^iiSea;  via,  thitt  tlie  vitiil  capacity  of  the  chent  Uicrefises  a  little  froia  15  to 
30  years  of  zgCf  aHter  wliich  it  undfirgoes  a  (rnwiually  progressiva  dimimitlon ;  and  tbiB 
inverse  sort  of  rc-ktionBhip  between  the  actual  and  the  vital  capacity  of  the  thorax  may 
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a  general  rule  that  the  respiratory  capacities  of  the  chest  decrease 
in  proportion  as  its  cavity  is  enlarged,  when  that  increase  of  size 
restdt^  from  other  causes  than  growth.  During  all  this  time  the 
size  of  the  lungs  is  increasing  pari  passu  with  that  of  the  thorax; 
and  the  change  after  adolescence  is  attended  with,  perhaps  is  a 
consequence  of,  a  loss  of  elasticity  and  strength  in  the  pulmonary 
tissue,  which  leads  to  a  dilatation  of  the  air-cells,  and  to  a  still 
further  diminution  of  the  vital  capacity  of  the  thorax.  A  more 
or  less  marked  condition  of  the  same  change  in  the  structiire  of 
the  lungs  occurs  sometimes  in  the  earlier  periods  of  life,  and  is 
attended,  in  some  instances,  with  a  fatty  degeneration  and  a  giving 
way  of  the  walls  of  the  air-cells,  constituting  what  is  called  emphy- 
sema. In  this  disease  the  lungs  acquire  a  preternatural  sizej  and, 
to  accommodate  them,  the  thoracic  walls  are  maintained  in  a  per- 
manent state  of  inspiration,  leading  to  that  round,  *'  barrel-shaped" 
configuration  of  the  chest  which  is  a  well-known  feature  of  the 
malady.  The  respiratory  powers  are  proportionately  diminished; 
and  the  patient  is  short-breathed  and  has  difficulty  in  expelling 
the  mucus  that  collects  in  his  air-tubes. 

Thus,  at  the  different  periods  of  life  and  in  the 
iiMtid™  oT*****^  various  conditions  of  health  and  disease,  a  pretty  exact 
***  relation  is  maintained  between  the  ehisticity  of  the 
lungs  and  the  mobility  or  \^tal  capacity  of  the  thorax. 
Where  the  chest  is  pretcmaturally  round  we  know  that  the  obli- 
qtiity  of  the  ribs  and,  consequently,  their  mobility  is  diminished; 
H  and  w^e  may  infer,  w^th  tolerable  certainty,  that  the  elastic  or 
^H  contractile  power  of  the  lungs  is  impaired,  that  the  air-tubes  and 
^H  air-cells  arc  more  or  less  dilated,  and  that  the  patient  is  ehoft- 
^B  breathed  and  liable  to  bronchitis  and  accumidation  of  mucus  in 
^B       the  bronchial  passages. 

^H  explam  the  results  obtMiied  by  M.  Woillez,  which  seem  at  first  so  improbable,  viz.  tbiit 

trades  requiring  but  little  muBcruLar  exorticm  of  any  kind  ore  more  faTourable  to  the 
development  of  the  cheet  than  those  which  bring  the  upper  extremities  into  constint 
Mid  severe  action.  It  may  be,  that  uudt-r  the  foi-mer  cdrcumHtauces  that  cofifomustitm 
of  the  chest  is  retained  which  is  adapted  to  carry  on  the  re^iratory  processes  with  the 
greatest  effidency,  though  the  tise  of  the  chest  is  oot  so  much  increased* 
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The  lower  raarffin  of  the  thorax  forms  the  circum- 

Influence  of  ^  '^ 

mmtmmior  ferential  line  of  attachment  of  the  diaphragm.  It  is 
thorax  upon  ^^ij  important  that  it  should  he  well  thrown  out  to 
diaphragm.  permit  the  perfect  aetion  of  that  muscle,  as  well  as  to 
afford  space  for  the  hmgs.  The  mamier  in  whicli  it  is  widened 
during  inspiration  tends  in  some  measure  to  distance  the  points  of 
attachment  of  the  muscular  filires  of  the  diaphragm,  and  so  to 
promote  their  efficiency.  At  any  rate,  this  makes  amends  for  any 
loss  of  power  which  may  be  sustained  by  that  muscle  owing  to  the 
elevation  of  the  lower  edge  of  the  thorax  in  inspiration.  Probably 
the  gain  to  tlie  muscle  by  the  expansion  of  this  part  of  the  chest 
is  about  equal  to  the  lo&i  sustained  by  it^  elevation. 


It  must  \ie  remarked,  however,  that  a  great  effort  is  re- 
utcrii  depre*.  q^jr^, J  ^^  the  part  of  the  forces  of  development  and  of  the 

■Ion  of  thonut ;    ^  r  * 

inspiratory  muscles  to  establish  and  maintain  the  natural 
prominence  of  the  loM^er  edge  of  the  chest  j  more  especially  of  that  part 
of  the  lower  edge  which  is  formed  hy  the  sixth  costal  cartilage  and 
the  four  next  below  it  Upon  this  part,  which  is  mont  distant  from 
the  fulcnim,  or  spine,  the  expanding  forces  act  with  the  greatest 
disadvantage  of  leverage ;  and  they  ai'e  not  always  able  to  resist  the 
saction  influence  of  tlie  iuspiratoiy  niusclea  acting  upon  other  parts  of 
the  thorax,  as  w^ell  as  the  direct  tendency  of  the  diaphragm  to  draw 
these  cartilages  inwards.  Hence  we  so  often  find  in  feeble  and  rickety 
children,  more  particularly  when  there  is  any  obstruction  to  the  entrance 
of  the  air  into  the  lungs^  that  this  region  of  the  chest,  and  the  extremi* 
ties  of  the  ribs  on  either  side,  are  drawn  inwards,  or  depressed^  while 
the  sterniim  projects  forwards,  and  the  costal  cartilages  are  more  or 
leas  incurved,  constituting  the  malformation  called  "pigeon-breast;" 
and  in  the  worst  cases  of  the  kind,  where  the  lateral  diameter  of  the 
thorax  is  considerably  diminished,  and  the  antero-posterior  diameter  ia 
augmented  I  the  movements  of  this  part  of  the  chest  in  respiration 
are  just  the  reverse  of  what  ia  natural:  it  is  drawn  in  during  in- 
spii'ation,  and  expands  in  expiration.    The  whole  force  of  the  inspiratory 


*  Dujmytren  found  the  ''lateral  deprowion  of  the  walla  of  the  thorax"  aometimet 
associated  with  enlargf?metit  of  the  tonitita.  which  cau&ed  difficulty  of  breathing,  and 
relief  wai  afforded  by  their  excisfion. 
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muscles  seems  to  be  expended  in  dilating  the  upper  and  posterior 
regions  of  the  thorax,  and  exerts  little  or  no  expansive  influence 
upon  til  is  lower  and  anterior  wall,  wliich,  instead  of  affording  a  proper 
point  (Tappui  to  the  diaphragm,  is  puEed  inwai'ds  by  each  contraction  of 
that  muacle,  and  by  the  suction  caused  by  the  efforts  at  inspiration. 
The  energies  of  the  diaphragm  are  thua  injuriously  diverted  to  the  effect 
of  narrowing  the  chest  and  diminishing  the  capacity  of  the  thoracic 
cavity,  instead  of  enlarging  it  in  a  vertical  direction;  the  abdominal 
organs  are  scarcely  at  all  du pressed  by  its  contraction  ;  and  the  breathing 
ifl  seriously,  it  may  be  fatally,  embarrasaed  *.  In  one  feeble  child,  where 
the  raalformation  proved  fatal  at  the  age  of  14  months,  I  found  the  ribs 
much  bent  inwards  at  their  junction  with  the  cartilages,  and  thickened 
00  aa  to  form  considerable  projections  into  the  cavity  of  the  thorax. 
Other  children  of  the  same  parents  were  affected  in  a  similar  manner. 
In  each  the  deformity  was  drst  observed  about  the  6th  month  after 
birth,  and  was  thought  to  have  been  caused  by  an  attack  of  bronchitis, 
with  difficult  breathing. 

In  old  age,  more  particularly  where  the  bones  are  the 

takm  pkei  In     subject  of  molhties,  the  chest  sometimes  collapses  into  the 

^^  coudition  of  **  lateral  depression,**  forming  a  marked  contrast 

wi^  the  rotundity  of  the  thorax,  which  I  have  stated  (p,  352)  to  be  the 

more  common  configuration  at  that  period  of  life. 

An  elongation  and  narrowing  of  the  chest  from  paralysis  of  the 
intercostal  muscles  has  been  described  by  Engel,  and  named  by  him  the 
paralytic  thorax*. 

I  have  sometimes  seen  the  sternum,  more  especially  On 
^5!*"'°°***^    upper    part,    preternatumlly    depressed,    inst^ead    of    being 
thrown  forward  as  in  the  **  pigeon-breast,''  causing  shallow- 
ness of  the  chest,  or  diminution  of  the  antero-posterior  diameter,  and 


^  This  lateral  depression  of  the  thoracic  w&IU  maj  be  partly  owing  to  a  wftnt  of 
power  in  tbe  pectorabfi  %nd  acrrati  tnagiii  miiRdes,  whicb  assist  in  r&istng  the  for« 
psrtt  of  the  ribs  and  in  increaiiing  the  transverse  dianteter  of  ihi  thorax.  But  that  it  is 
not  a  necessary  consequence  of  such  imperfection  in  those  mnscles  is  proved  by  the 
ib&pe  of  the  chest  having  been  natural  in  certain  amesi  in  which  they  were  congenitsJfy 
deficient  or  imperfect.  Two  instancee  of  the  kind  were  related  by  Dr  Paget  at  the 
Caml^dge  Philosophical  Society,  March  8,  1858.  In  the  frequent  persistence  of  this 
conformation  we  recogtiize  another  instance  of  the  difficulty  which  is  experienoed  in 
shaking  off  the  foetal  and  animal  type  when  the  developmental  forces  are  weak, 

•  Oesterr,  Jahrb,  April,  1841. 
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increase  of  tlie  lafccml  diameter.  Under  tliese  ciixjumstances  the  manu- 
briiun  does  not  afford  a  proper  enpport  to  the  chivicles;  the  shoulders 
hang  forwards,  and  the  upper  extremities  are  deficient  in  strength, 
partly  by  reason  of  the  deformity  of  the  chest,  and  partly  by  reasoa  of 
a  weakness  of  the  muscles  with  which  that  deformity  is  always  asso- 
ciated. There  has  been  no  evidence  of  unusual  predisposition  to 
phthisiA  in  those  instances  that  I  have  seen. 

It  is  interesting  also  to  observe  the  changes  in  the  shape 
(mt  <^tem?    ^*^  *^^  thorax  which  are  attendant  on  lateral  and  angular 

®''****^'^  °^      curvature  of  the  spine, 
aplne: 

In  the  /m'7ti€T  of  these  affections  it  has  been  remarked 

(p.  171)  that,  in  addition  to  other  chjinges,  the  verteb^ff^  are  rotated  npon 
their  vertical  axes,  so  that  their  bodies  are  turned  towai*da  the  con* 
vexity  of  the  curve.  This  gives  a  twist  to  the  whole  thorax ;  for  the 
transverse  processes  on  the  concave  side  of  the  curve  being  tm*ned  for- 
wards, the  ril)8  of  that  side  are  advanced  with  them,  and  run  nearly 
straight  forwards,  projecting  their  costal  aj-i-tilages  and  the  correspond- 
ing side  of  the  sternum  on  the  anterior  a8i*eci  of  the  cheat  Whereaj^ 
on  the  other  or  convex  side  of  the  spinal  curve,  the  transverse  procesaes 
and  the  ribs  are  at  first  directed  more  backwards  than  natural ;  then  the 
thonnk-rior  ^^  make  a  sudden  very  sharp  bend  at,  or  near,  their 
iurficaofdjest    angles^  by  which  they  are  enabled  to  advance  forwards  and 

obliqutt  8zidl  the 

traoflTene  diar     to  Fun  paralle!,  or  iieai'ly  so,  with  those  of  the  opposite  side. 

meter  Leueaed;  ^^^  ^^^  cannot  of  course  reach  50  £a.r.  Accordingly  the 
fore  part  of  the  che^st  is  oblique;  and  the  side  of  the  sternum  and  the 
costal  cartilages  on  the  concave  side  of  the  dorsal  curve  ai"e  in  advance  of 
the  corresponding  parts  of  the  other  sida  I  have  seen  the  flexure  of  the 
ribs  on  the  convex  side  of  the  cmrve  so  sharp  as  to  biing  their  shafts 
into  contact  with  the  twistefl  bodies  of  the  vertebne.  Other  results  of 
this  disposition  of  the  ribs  are  a  diminution  of  the  transverse,  an  in- 
GX^aae  of  the  antero-posterior  diameter  of  the  thorax,  and  more  or  less 
inequality  of  size  in  the  two  sides  of  the  thoracic  cavity ;  some  impair- 
ment of  the  respiratory  functions  is  a  necessary  consequence  of  these 
ciianges. 

Such  obliquity  in  the  fore  part  of  the  thorax,  and  altera- 
tion in    the  diameters  of  the  cavity,  are  not,   however, 
unifonn  attendants  en  the  changes  in  the  spine  thab  take 
place  in  latei^  curvature.     There  are  some  instaneee  in 
which  the  anterior  surface  of  the  stemnm  and  costal  cartilages  remains 


or  tlie  anterior 
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flat,  and  m  whkh  the  fore  part  of  tho  chest  is  approximated  to 
the  spine,  instead  of  being  distanced  from  it,  and  the  tmusverse  dia- 
meter is  increased,  instead  of  the  antero-posterior.  This  peculiarxty 
of  shape  is  caused  by  the  ribs  on  the  concave  side  of  the  spinal  curve 
being  bent  a  little  backwards  aftor  they  are  clear  of  the  transverse 
processes,  or  by  the  latter  being  bent  backwank  together  with  the  ribs; 
so  that  the  ribs  on  this  side  are,  in  their  whole  course,  brought 
more  into  correspondence  with  their  fellows  on  the  convex  side,  and, 
like  them,  fail  to  i*each  the  natural  distance  in  front  of  the  s]une»  I 
cannot  tell  why  the  twisted  and  transversely  narrowed  thorax,  in  some 
cases^  and  the  flat  widened  tht>rax,  in  others,  should  be  the  conco- 
mitant of  lateral  curvature  of  the  spine.  Some  caaes  that  I  have 
examined  rather  favour  the  supposition,  that  the  latter  conformation  is 
present  in  those  (^ses  where  the  spinal  deformity  took  place  in  child- 
hood, while  the  formative  and  adaptive  powers  of  the  skeleton  wore  in 
fiill  vigour;  and  that  the  former  is  the  attendant  ui>on  tlie  curva- 
tures which  take  place  at  a  later  |>eriod  I  am  not,  however,  sure  that 
this  rule  holds  good  uniformly,  or  even  usually. 

f^u^an  of  tho  ^  severe  and  long-standing  cases  the  ribs  on  the  con- 

ribs.  ^y0  gi(je^  as  well  as  the  transverse  processes  and  the  arches 

of  the  vertebrae,  become  fused  together,  forming  a  broad  osseous  plat^, 
which  is  perlorated  by  holes  for  the  transmission  of  the  nerves.  Such  a 
condition  would,  I  need  scarcely  say,  entirely  preclude  the  possibility  of 
gucoess  attending  upon  any  curative  treatment. 

In  imgular  curvature  the  upper  part  of  the  spine  is 
mnt  on miguJjur  brought  moro  nearly  to  a  right  angle  with  the  ribs;  and  the 
^^^  "^^  obhquity  with  which  these  descend  from  their  respective 
vertebne  ia  diminished,  and  their  range  of  movement  is  proportionately 
lessened*  They  do  not  take  so  wide  a  aweep  outwards  as  usual,  but 
run  more  straight  forwards;  hence  the  lateral  diameter  of  the  thorax  is 
diminished,  and  the  antero-posterior  diameter  is  increased. 

The  number  of  tho  ribs  is  subject  to  some  variety. 
Now  and  then  the  1 2th  rib  is  absent^  or  is  very  small ' ;  and 
occasionally  there  is  a  13th  rib  on  one  or  both  sides,  more  frequently 
on  both.  There  is,  for  the  most  part,  in  company  with  thnse  fieculiari- 
ties,  a  deficient  or  excessive  number  of  dorsal  vertebi-se.     Not  unfrd- 


TaricUea 


^  In  examples  of  acepfaalous  mcrastroBity  And  m  ^ina  bifida,  ft  graftter  number  ftPB 
often  wanting.  In  one  of  the  forcoer  Meckel,  ffundbuck  dcr  PatL  Anat,  I.  10 1,  found 
only  eight  dorsal  vertebra?  and  tm  many  ribs* 
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qtient]}^,  as  hm  been  already  meutioned  (p,  127),  a  rib  ia  developed  upon 
the  7th  cervical  vertebra.  The  extremity  of  this  supennimerary  rib  ia 
either  free  or  cotmected  with  a  process  growing  from  the  upper  surface 
of  the  l&t  true  rib.  I  have  not  aeeu  an  inBtauce  in  which  it  reached 
the  sternum,  though  this  is  stated  occasionally  to  be  the  case '  The 
process  just  mentioned  may  esdst^  although  the  su^iemumerary  rib  be 
not  present,  and  may  form  a  sort  of  exostosis,  and  this,  by  throwing 
the  SMbclavian  artery  upward,  has  been  known  to  give  rise  to  a  suspicion 
of  aneurism.  Exostoses  may  also  grow  from  other  parts  of  the  Ti}», 
Sometimes  they  present  the  form  of  slender  processes  jutting  down- 
wards and  backwards,  and  resembling  the  appendages  to  the  ribs  in 
birds.  One  process  growing  downwards  from  a  rib  may  unite  with 
another  growing  upwards  fi^ni  the  rib  below,  so  joining  the  two  ribs 
together  in  a  more  or  less  complete  niannei*;  and  it  is  no  uncommon 
thing  to  find  two  ribs  thus  united  together  by  a  more  or  less  broad 
plate  of  bone  extendinLg  between  them  through  the  intercostal  space*. 
This  is  usually  near  their  junction  with  the  spine.  The  extension  of 
the  thorax  downwards  by  means  of  additional  ribs  reminds  us  of  the 
manner  in  which  the  thorax  is  prolonged  towards  the  pelvis  in  most 
mammals ;  and  the  occasional  presence  of  cervical  ribs  reminds  us  of 
those  parts  in  birds.  Now  and  then  a  rib  is  too  short,  and,  failing  to 
reach  the  stenium,  terminates  in  a  poiuted  cartilage,  like  a  floating  rib- 
This  ia  said  sometimes  to  be  the  case  with  the  1st  rib,  as  weU  as  with 
those  lower  down.  Two  ribs  may  unite  to  one  cartilage ;  or,  on  the 
other  handj  a  rib  may  bifurcate  towards  its  anterior  extremity  and  be 
joined  to  the  sternum  by  means  of  two  separate  cartilages  Now  and 
then  a  supernumerary  cartilage  projects  from  some  part  of  the  side  of 
the  sternum,  usually  between  the  3rd  and  4th  costal  cartilages,  and  is 
lost  among  the  muscles,  not  being  connected  with  any  rib*. 

In  a  specimen  of  rickety  foetus  in  the  Dupuytren  Museum,  the  ribs 
are  short  and  thick,  and  the  cartilages  are  long;  the  same  condition  was 
found  in  the  deformed  skeleton  of  a  child  described  by  Rathke*, 


1  When  a  cervical  rib  ia  present  the  head  of  the  first  true  rih  ia  often  ttrtieukted 
with  the  body  of  the  seventh  cervical  vertebra,  as  weE  aa  with  that  of  the  Erst  doraal 
and  wixh  the  iDtervertebral  aubatance. 

"  Saiidifort,  Muteum  Anat,  Tab.  XLVIII.  and  XLIX. 

•  BUudip,  Jnatomie,  I.  S£.  *  M fillers  Archiv,  vn.  486. 


■ 


THE  BONES  OF  THE  UPPER  EXTREMITY. 


THE  CLAVICLE 


liiiHi«l«il> 

flulipfvieot 


stretching  tratisversely  outwards  fmm  the  sternum  to 
the  acromion  process  of  the  scapuhi  forms  a  support 
to  the  shoulder  J  its  chief  office  is  to  keep  the  shoulder  steady 
and  to  aflbrd  a  fulcrum  by  which  the  muscles  are  enabled  to 
give  lateral  movement  to  the  arm.  Accordingly  it  is  absent  in 
those  animals  in  which  the  movement  of  the  fore  limbs  is  only 
of  the  to-and-fro  kind,  and  in  which  the  limbs  are  hoofed  and 
used  only  in  progression,  as  in  Pachydermata,  Ruminantia,  Solid- 
ungula,  and  some  Carnivora.  It  is  present  in  all  Quadrumana 
and  in  most  of  the  Rodentia  in  which  the  anterior  extremities 
are  unguiculated  and  used  in  prehensionj  as  the  rat,  squirrel, 
beaver,  and  rabbit;  also  in  Cheiropterous  and  Insectivorous  ani- 
mals, as  the  bat,  mole,  and  hedgehog.  It  is  present  in  many 
of  the  Edentata,  as  the  ant-eatcjr,  the  armadillo,  and  the  mcgathe- 
In  the  latter  animal,  however,  it  is  united  to  the  first  rib 


num. 


instead  of  to  the  sternum.  In  Marsupials  the  clavicles  are  present, 
with  few  exceptions,  and  are  of  considerable  strength*  In  Mo- 
notremes  they  are  connected  with  a  separate  bone  at  the  upper  end 
of  the  sternum  called  the  "  epistemal  bone/'  In  a  large  section  of 
Carnivora,  including  the  bear,  dog,  and  cat,  the  clavicle  is  either 
absent,  or  present  only  in  the  rudimentary  form  of  a  small  bone 
suspended  among  the  muscles,  and  not  connected  either  with  the 
sternum  or  with  the  scapula.  In  Birds,  where  great  resistance  is  re- 
quired to  counteract  the  tendency  of  the  powerful  pectoral  muscles 
to  approximate  the  shoulders,  the  clavicles  are  of  large  size,  and,  in 
most  instances,  are  united  together  at  an  angle  in  the  median  line, 
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al>OTC  the  Btemum,  forming  what  is  called  the  *' furciiluni  ;'*  and  a 
still  more  efficient  support  to  the  extremity  is  afforded  hy  an  exten- 
sion of  the  coracoid  process  of  the  scapula  into  a  broad  thick  bone, 
called  the  *' coracoid  bone,'*  which  reaches  aa  far  as  the  sternum. 
In  Reptiles  the  bmad  "coracoid  bone**  constitutes  the  main,  or 
the  sole,  support  of  the  scapula;  for  in  some  only  is  the  clavicle 
present, 

lu curved  "^'^^  clavicle  presents  in  its  Sigmoid  shape  a  good 

'<»"«•  ilhistration  of  the  tendency  to  a  cm-^^ed  form  in  the  long 

bones.  By  this  form  a  more  extensive  surface  is  afforded  for  the 
attachment  of  muscles ;  and  they  are  by  it  enabled  to  act  upon  the 
bone  with  somewhat  greater  advantage  of  leverage.  The  bone  is  less 
liable  to  be  fractured,  l>ecause  the  forces  which  impinge  upon  it  are 
diffused  firora  point  to  point  over  a  greater  space,  and  are  rendered 
less  injurious  at  the  place  of  contact;  and  the  jar  resulting  from 
bloiv's  received  at  the  extremities  is  also  somewhat  broken  by  the 
additional  elasticity  which  the  curved  shaj^e  imparts.  The  curve 
at  the  sternal  end,  which  has  its  convexity  in  front,  occupies  two- 
thirds  of  the  length  of  the  bone,  and  is  a  segment  of  a  considerably 
larger  circle  than  the  sharper  sliorter  curve  at  the  scapular  end. 
To  obviate  the  inequality  of  strength  in  the  two  parts  of  the 
clavicle  that  would  be  entailed  by  this  difference  in  the  degree  of 
their  curvature,  the  outer  third  is  widened  in  the  direction  of  the 
curve  by  being  flattened  from  above  do^vnwards,  whereas  in  the 
inner  two-thirds  the  bone  is  nearly  cylindrical.  The  result  is  that 
the  portions  forming  the  outer  and  inner  curvatures  are  nearly  of 
equal  strengtii*  Tlie  point  at  which  it  most  frequently  gives  way, 
in  consequence  of  falls  upon  the  shoulder,  is  a  little  external  to  the 
middle,  where  tlie  inner  curve  is  beginning  to  pass  into  the  outer; 
and  where,  aa  is  usually  the  case  at  the  points  of  confluence  of 
the  curvatiu-es  in  the  shafts  of  bones,  the  clavicle  is  smaller 
than  in  other  parts.  The  curves  are,  as  a  general  rule,  most 
marked  in  the  strongest  persons,  and  more  marked  in  men  than 
in  women  ;  this  is  observable  in  both  the  curves,  though  more 
particularly  in  the  outer  one.  In  women  the  clavicle  lies  nearly 
horizontally.  In  men  it  is  inclined  downwards  to  the  sternima, 
which  makes  the  latter  somewhat  high-shouldered.     Notwitlistand- 
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ing  its  sharper  cun'^atiires  in  men,  it  is  a  little  longer  in  them  than 
in  women* 

On  the  under  side  of  the  bone,  where  it  is  moat  com- 
pact, i,e.  a  little  extenial  to  the  middle,  is  the  Sole  Jbr 
the  nuiritmus  artery.  It  slants  away  from  the  steraal  end,  so  con- 
forming to  the  general  rule  (p»  24),  inasmuch  as  there  is  no  epi- 
physis'developed  at  the  acromial  extremity.  It  is  often  very  small. 
In  the  examination  of  numerous  specimens  CraveiUiier  could  dis- 
cover no  trace  of  it, 

BeUttonofHnb^  Tlie  clavicle  covers  and  protects  the  subclavian  ves- 
dBTiui  YMBeii.  gg]g  j^ji^  nerves,  and  is  our  guide  to  them  when  we 
wish  to  compress  or  tie  the  artery.  The  latter  i^dll  be  found  cross- 
ing over  the  first  rib,  just  behind  tbe  narrow  smooth  part  of  the 
clavicle,  where  the  inner  curve  is  beginning  to  pass  into  the 
outer.  The  clavicle  cannot  be  dragged  down  so  as  to  compress  the 
vessels  and  nerves  against  the  rib ;  and  I  have  not  met  with  any 
recorded  instance  in  which  either  of  them  were  penetrated  or 
seriously  injured  by  the  projection  of  the  broken  fragments  in  frac- 
ture of  the  bone. 

Ossification  of  the  clavicle  takes  place  very  early, 
commencing  at  the  middle,  or  near  the  situation  of  the 
nutritious  artery,  as  early  as  the  30th  day,  according  to  Beclard. 
Meckel  says  that,  at  the  6th  week  the  osseous  portion  is  three 
lines  long,  being  longer  than  that  of  either  the  humerus  or  femur. 
Not  till  tbe  4th  month  does  the  humerus  exceed  tbe  clavicle 
m  length;  at  birth  it  is  one  quarter  longer,  and  in  the  adult 
twice  as  long.  At  birth  the  clavicle  is  ossified  in  nearly  the  whole 
of  its  extent,  there  lieing  only  a  thin  layer  of  cartilage  at  either 
end  (PL  I.  fig,  1,  p.  39).  A  thin  epiphysial  nucleus  appears  at  its 
eternal  end  about  20,  and  becomes  united  to  the  shaft  about  25 
(PI.  XX Vn.  fig,  1),  It  is  difficult  to  conceive  what  purpose  it  can 
serve,  being  of  small  size,  developed  so  late,  and  remaining  sepa- 
rate from  the  shaft  for  so  short  a  period.  There  is  no  epiphysis  at 
the  scapular  end,  ossitication  taking  place  to  the  very  extremity  of 
the  bone,  as  in  the  case  of  the  condyle  of  the  lower  jaw,  at  an  early 
period  of  fcetal  life. 
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The  claviele  and  Rcapula  are  very  rareiy  absent  in  mmi, 
even  though  all  the  rest  of  the  extremity  may  be  wanting, 
which  is  remarkable  considering  the  inconstancy  of  this  bone  in  the 
Animal  8cal&  Meckel  quotes  from  Roux*8  Journal  an  instance  in  which 
the  acromial  end  waa  deficient  The  sternal  end  has  also  been  unde- 
veloped*. It  is  not  very  liable  to  rickets,  struma,  or  other  disease- 
It  has  been  removed  entire  when  it  had  become  the  seat  of.  morbid 
growths*  It  ifi  occaaionally  the  neat  of  syphilitic  node,  which,  as  in 
the  caae  of  the  tibia  and  the  skull,  may  bo  partly  owing  to  its  subcu- 
taneous position.  It  Is  more  subject  to  ulceration  than  to  necrosis*. 
LUbiMtyto  ^^^  clavicle,  being  exposed  to  the  full  force  of  blowB 

ftictuTB.  upon  the  shoulder,  and  being  well  secured  at  either  end  so 

as  to  pre^'ent  dislocation,  is  veij  often  broken ;  and  the  fracture  is 
commonly  at  the  part  just  mentioned,  viz.  a  little  external  to  the 
middle.  The  outer  thii'd,  which  more  immediately  receives  the  force, 
is  broken  more  often  than  the  inner  third.  It  is  remarkable  how 
seldom  the  fracture  is  compound,  although  the  bone  lies  in  its  whole 
length  almost  immediately  under  the  skin.  The  skin  escapes  because 
it  moves  so  freely  upon  the  clavicle,  and  because  the  outer  end  of 
the  fracture,  which  rccoivea  -the  impulse,  is  almost  always  driven 
behind  the  inner  one  into  the  loose  cellular  tissue  of  the  neck*.  In 
a  patient  lately  in  Addenbrookc's  hospital,  whose  clavicle  was  broken 
by  earth  failing  upon  him,  the  inner  fractured  end  penetrated  the 
skim  When  the  clavicle  is  broken,  the  shoulder  falls,  and  the  patient 
is  commonly  unable  to  raise  the  hand  to  the  head,  or  to  oppose  it 
to  the  other  hand;  though  instances  have  occurred  in  which  he  could 
do  the  former.  The  difficulty  experienced  by  the  surgeon  in  maiutain- 
ing  a  correct  apposition  of  the  broken  ends  during  their  reunion  is  well 
known,  and  a  variety  of  appliances  have  been  devised  to  assist  in  over- 
coming it*     It  depends  very  much  ujjou  the  small  diameter  of  the  shaft 


'  Otto,  p,  317, 

*  A  case  of  Tiecroflia  of  the  ckvicle  is  recorded  in  the  MijieHoire  Qinital  d^Anaiomu 
ei  d€  Phyihlogie  Paihologiquis,  it,  114, 

'  A  rare  exoeptiorj  to  tbia  rule  is  given  by  Profesaor  8jniB,  Edinhirgh  Journal^ 
July,  1S35.  Occasionally  ia  adults,  and  frequently  in  childreo,  there  ia  no  dbplAce- 
ment.  M.  Blandin,  Journal  dt  MM.  et  dc  Uhirurf^,  Prat  July,  J 841.  Profeaaor 
Hamilton,  New  York  Journal,  Vol.  in.  found  pttrtial  fracttir^  more  frequent  in  the 
cUvide  tfian  in  &ny  other  bone. 
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and  the  weight  of  the  upper  ertremity  hangiDg  upon  it.  There  is  no 
lack  of  reparative  activity,  and  there  iei^  therefore,  in  most  instances, 
abundance  of  callus  thrown  out ;  nevertheless  union  may  fail  in  conse- 
quence of  the  outer  fragment  of  the  bone  being  involved  in  the  move- 
men  ta  of  the  extremity,  unless  care  be  taken  to  prevent  those  move- 
nients.  Tliis  is  proved  by  two  specimens  of  false  joint  io  the  clavicle, 
preserved  in  the  Canil>ndgG  Museum.  In  the  last  foiinight  I  have  seen 
two  cases  of  infants,  in  whom  a  lump,  evidently  resulting  from  fracture, 
or  partial  fracture,  bad  been  observed  in  the  clavicle  within  a  week 
after  birth,  In  one  the  labour  had  been  difficult,  and  the  fracture 
was  at  the  junction  of  the  outer  and  middle  thirds.  In  the  other 
it  was  near  the  middle,  I  coiild  not  learn  how  the  accident  had 
been  caused.  We  may  associate  the  fact  of  the  early  ossification  of  the 
clavicle  with  the  liability  to  such  accidents  in  early  life,  and  may  regard 
it  as  being,  perhaps,  in  some  measure  intended  as  a  provision  against 
thenL 


THE  SCAPULA 


is  concave  on  its  inner  surface  bo  as  to  be  adapted  to 

Forition  In  ^  ... 

relation  to  the  convcx  extetior  of  the  thorax,  which  it  assists  to 
protect  in  a  comparatively  undefended  part.  In  ita 
movements  forwards  and  backwards  it  describes  a  segment  of  a 
circle  npon  the  thorax ;  whereas  its  upward  and  do\>Tiward  move- 
ments are  nearly  in  a  vertical  plane.  In  the  state  of  rest  its  base 
is  almost  perpendicular,  about  an  inch  from,  and  nearly  parallel 
with,  the  vertebral  spines.  The  upper  angle  corresponds  with  the 
interval  between  the  1st  and  2od  ribs.  The  lower  angle  is  on  a 
level  with  the  8th  rib,  or  with  the  space  between  the  8th  and  9th 
ribs.  The  lower  part  of  the  bone  is  applied  close  against  the  ribs, 
and  is  supported  by  them.  The  upper  part,  owing  to  the  contrac- 
tion of  the  thorax  above,  is  more  distiint  from  the  ribs,  and  is  held 
out  in  its  position  by  the  clavicle.  The  distance  becomes  remark- 
able, giving  an  overhanging  wing-like  appearance  to  the  shoulders^ 
when,  from  pbtbisis,  or  other  disease  or  malformation,  the  upper 
part  of  the  thorax  fails  to  acquire  or  maintain  its  proper  dimen- 
sions. 
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The  scapula  consists  of  two  chief  parts;  of  which 
the  one,  coinj>03ed  of  the  aercnuion^  Rpme,  and  base,  is 
united  to  the  sternum  through  the  intervention  of  the  clavicle. 
The  other,  consisting  of  the  strong  tnferiar  costa,  carries  the  gh- 
notd  cavity  upon  the  fore  part,  and  sends  off  the  coracoid  process. 
These  two  parts  constitute  the  framework  of  the  scapula.  Li  the 
interval  between  them  is  a  thin  plate  of  hi:me  forming  the  floor 
of  the  infra-spmal  fossa  ;  and  a  continuation  of  this  plate,  grow- 
ing above  the  level  of  the  spine,  forms  the  mperior  angle  of  the 
scapida  and  the  floor  of  the  siq/ra-spinal  fossa.  This  thin  inter- 
mediate plate  of  bone  is  strengthened  on  its  under  side  by  ridges 
passing  obliquely  upwards  and  forwards  from  the  base  which  give 
attachment  to  the  tendinous  bands  intersecting  the  bundles  of  the 
subscapularis  muscle.  Between  them  tlie  surface  of  the  bone  is 
very  smooth,  and  the  periosteum  is  loosely  attached ;  so  that  matter 
forming  here  upon  the  bone,  and  unable  to  escape,  may  spread 
and  detach  the  periosteum  from  the  bone.  In  one  such  case  I 
found  it  necessary  to  trephine  the  floor  of  the  infraspinal  fossa  to 
give  vent  to  the  pus  collected  beneath  it. 

The  Body  of  the  scapula  derives  strength  in  con- 
sequence of  its  being  arched,  both  from  above  down- 
wards and  from  before  backwards.  The  summit  of  the  vertical  arch 
is  situate- jiLst  beneath  the  spine  so  as  to  supfiort  that  process,  and 
is  most  prominent  close  behind  the  glenoid  cavity,  where  springs 
the  thick  stem  of  the  acromion.  From  the  under  side  of  the  deepest 
part  of  the  arch  arises  the  thickest  portion  of  the  suhscapular 
muscle.  This  part  is  nearly  on  a  leve!  witli  the  lesser  tubercle  of 
the  humerus ;  and  the  direction  of  the  fibres  of  tlie  muscle  is,  there- 
fore, most  favourable  for  their  action  upon  the  humerus. 

The  Spine  is  a  remarkable  feature  in  the  scapula, 
standing  upwards  and  outw^ards  and  surmounted  by  a 
very  strong  thick  flattened  ridge,  which  lias  a  serpentine  form  and 
spreads  out  into  a  broad  triangular  tcnnination  behind,  where  it  is 
comiected  with  the  base.  Towards  its  fore  part  the  spine  increases 
in  thickness  and  strength  as  well  as  in  depth,  and  its  anterior 
edge,  which  carries  the  acromion,  is  particularly  strong.  Both  the 
spine  of  the  scapula  and  the  Acromion  process,  are  very  strong 
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and  prominent,  having  to  transmit  forces  from  the  upper  limb  to 
the  clavicle,  and  giving  an  ample  smrface  for  attachment  and  some 
advantage  in  leverage  to  the  powerful  deltoid  muscle.  For  the 
more  effectual  attainment  of  these  objects,  the  spine  of  the  scapula 
18  slanted  obliquely  upwards,  and  terminates,  in  front,  in  a  strong 
round  stem,  from  which  the  acromion  is  throwTi  forward  over  the 
joint.  The.  acromion  also,  at  its  moat  prominent  part,  is  truncated, 
and  presents  a  broad  thick  edge  capable  of  giving  attachment  to  a 
large  number  of  the  deltoid  fibres  at  a  point  most  favourable  to 
their  action. 

Proionufttion  of  ^^^  tendency  of  the  deltoid  is  to  draw  together  the 
inferioi-angio  acromion  and  the  middle  of  the  shaft  of  the  humerus; 
and  in  order  to  render  the  former  the  fixed  point  and  to  enable  this 
muscle,  as  well  as  the  other  muscles  which  pass  from  the  scapula 
over  tlie  slioulder-joint,  to  produce  their  required  effect  upon  the 
humerus,  the  scapula  is  prolonged  downwards  at  its  Inferior  Angle. 
By  the  extension  of  the  bone  in  this  direction,  regarding  the  gle- 
noid cavity  as  the  centre  of  motion,  a  leverage  is  afforded  to  the 
muscles  whose  office  it  is  to  maintain  the  position  of  the 

ft  compensAtion  ^  '^ 

for  projection    blade  of  the  scapula,  which  leverage  more  than  counter- 
balances that  afforded  by  the  acromion  to  the  deltoid. 


Evil  resulting  ^^®  importauoe  to  the  movementi  of  the  arm  of  such 

from  imperfec-   provision  for  the  efficient  action  of  these  muscles  is  well 

tkm  of  maples 

irtidiflx  lower  illustrated  by  cases  in  which  the  latter  are  weak  or  paralysed 

aoiltof  aeftiniia.  ^^  iofujtive  from  some  cause,  or  in  which  the  angle  of  the 
scapula  hojs  slipped  from  beneath  the  edge  of  the  latissimos  dorsL  In 
such  cases  the  contraction  of  the  deltoid,  instead  of  causing  the  head 
of  the  humerus  to  rotate  in  the  glenoid  cavity,  causes  the  glenoid  cavity 
to  roll  upon  the  humerus,  and  pulls  the  lower  angle  of  the  scapula  back- 
wards and  upwards,  so  that  it  projects  beside  the  spiue.  The  patient 
may  be  thus  i-endered  quite  unable  to  raise  the  arm,  each  attempt  to  do 
so  l>eing  followed  by  the  revcilution  of  the  scapula,  instead  of  by  tlie  eleva- 
tion of  the  elbow.  Thus  the  vertical  elongation  of  the  scapula  in  man, 
in  comparison  with  its  depth  from  before  backwards,  has  relation,  not 
only  to  the  small  antero-posterior  diameter  of  his  thorax  and  the  ehai'p 
cm-vature  of  his  ribs,  but  also,  and  more  particularly^  to  the  freedom 
and  power  of  the  movements  of  his  arm.     It  may  be  remarked  that  the 


366 


THE   BONES   OF   THE   UPPER   EXTREMITY. 


angle  at  which  the  humerua  i^  Bet  upon  the  shoulder-bladei  though 
favourahle  to  the  general  range  of  movement  at  the  shoulder,  ia  particu- 
larly utifavoumble  to  the  muscles  which  have  to  raise  the  arm.  The 
acromion  is  therefore  thrown  out  to  afford  some  compensation  in  the 
way  of  leverage  to  the  great  muscle  which  has  the  principal  paH  of  that 
difficult  duty  to  perform ;  this  necessitates  more  secure  provision  for  fix- 
ing the  scapula  so  as  to  render  it  a  firm  point  dappui ;  accordingly,  the 
growth  of  the  inferior  angle  in  one  direction  has  relation,  and  is  in  gene- 
ral proportionate,  ti:»  the  gro'viiih  of  the  superior  angle,  the  spine,  and  the 
acromion  in  the  opposite  direction. 


Comoold, 


The  Coracoid  process  corresponds  with  the  acromion, 
arching,  like  a  half-bent  finger,  over  the  inner,  as  the 
acromion  does  over  the  outer,  side  of  the  shoiilder-joint ;  and,  in 
proportion  to  its  prominence,  it  «iffords  a  leverage  to  the  ccraco-bra- 
cktulis  and  the  short  head  of  the  biceps^  aa  the  acromion  does 
to  the  deltoid.  Its  relations,  therefore,  to  the  inferior  angle  of  the 
acapnia,  and  the  antagonistic  relation  of  its  muscles  to  those  which 
fix  the  angle  of  the  scapula,  are  the  same  as  in  the  case  of  the 
acromion.  The  coracoid  process  is  manifestly  an  appendage  to  the 
glenoid  cavity,  being  borne  together  with  it  in  front  of  the  neck  of 
the  scapula;  so  that  in  any  case  in  which  .a  fracture  lias  passed 
through  the  neck,  the  coracoid  process  would  be  detached  with  the 
glenoid  cavity  from  the  rest  of  the  bone ;  and  the  finger  pressed 
down  upon  the  coracoid,  in  the  interval  between  the  edges  of  the 
deltoid  and  pectoral  muscles,  would  probably  detect  some  evidence 
of  the  fleparation.  Indeed  it  may  be  properly  said  to  contribnte  to 
the  glenoid  cavity;  for  the  prolonged  upper  and  inner  portion  of  the 
articular  surface  of  the  latter,  lying  at  the  base  of  the  coracoid  pro- 
cess, is  often  marked  off  from  the  rest  by  a  notch  on  the  inner  side, 
whicli  has  its  analogue  in  a  more  complete  fissure  in  Birds  and 
Reptiles,  where  the  coracoid  bone  is  separate,  and  enters  into  the 
construction  of  the  shoulder-joint.  At  its  base  the  coracoid  is  very 
thick;  and  it  is  flattened  on  its  inner  side  (PL  XXIX,  figs.  1,  2,) 
where  the  conoid  ligament  plays  upon  it.  That  ligament  arises 
from  the  under  and  hinder  edge  of  the  flat  siurface.  The  process 
presents  a  rough  ridge  above  for  the  attachment  of  the  trape- 
zoid ligament,  and  is  hollowed  underneath  to  permit  the  play  of 
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the  subscapular  muscle  which  is  separated  from  it  by  a  bursa. 
At  its  middle  it  is  contracted  into  a  sort  of  ne^k ;  and  it  again 
swells  out  at  its  extremity,  where  it  presents  three  facets  for  the 
attachment  respectively  of  the  pecf-oralis  mtnor,  the  short  tendon 
of  the  hicepSf  and  the  coraco-brackialin  muscle. 

The  coracoid  process  in  man,  and  in  nearly  all  other  viviparous 
animals,  is  of  small  size,  as  compared  with  its  dimensions  in  Mo- 
notremes,  and  in  oviparous  animals.  In  the  latter  it  extends  as 
far  as  the  sternum,  is  a  broad,  strong,  and  for  the  most  part, 
separate,  bone,  which  connects  the  scapula  with  the  sternum  and 
constitutes  its  chief  support.  In  some  Reptiles  it  is  the  only 
osseous  connection  of  the  upper  extremity  with  the  sternum,  the 
clavicle  being  wanting,  and  the  spine  and  acromial  part  of  the 
scapula  being  also  deficient, 

8upr»-scamUr  '^'^^  Notch  ill  the  superior  costa,  just  behind  the 
B«tdi.  coracoid,    which   transmits    the    supra-scapular    nerve, 

and  which  is  closed  by  a  ligament  separating  the  nerve  from  the 
supra- scapular  artery,  is  a  true  foramen  in  some  Sloths;  and  in 
them  the  supra-spinal  fossa  receives  considerable  extension  front  a 
plate  of  bone  which  connects  the  coracoid  process  with  the  superior 
angle,  and  forms  the  upper  boundary  of  this  foramen,  Occ4isionally 
in  the  human  scapula  also  the  notch  is  converted  iyto  a  foramen 
by  the  ossification  of  the  ligament ;  and  sometimes  there  is  a  dis- 
tinct hole  beneath  the  notch. 

The  ossification  of  the  scjipula  commences,  in  the 
2iid  month  of  foital  life,  by  the  formation  of  a  bony 
plate,  a  little  behind  the  glenoid  cavity,  about  the  point  where, 
on  the  inner  side,  may  be  subsequently  seen  the  foramen  for 
the  chief  nutritious  arter)-.  Tlii!^  plate  soon  becomes  triangular j 
and,  in  the  3rd  month,  the  spine  grows  up  from  it.  The  spine  is 
at  this  period  situated  near  the  upper  edge  of  the  scapula,  and 
occupies  the  position  which  is  permanent  in  some  of  the  lower  ani- 
mals*.    Subsequently  the  growth  of  the  scapula  above  the  spine 


^  Iq  MoDotremes  ibe  spine  is  so  : 
with  it  by  both  Cuvier  und  Meckel 


the  Buperior  coBtn  tfast  it  wai  coafoiindcd 
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places  the  latter  at  about  a  quarter  of  the  length  of  the  bone  from 
tlie  tipper  edge. 

At  birth,  the  chief  part  of  the  scapula  is  osseous  (PL 

XXVII.  figs.  2  and  3);  but  the  coraeoidj  the  acromion, 
the  edge  of  the  spine,  the  inferior  angle  and  the  base,  still  remain 
cartilaginous.  (See  PL  I.  fig.  5,  at  page  39.)  The  cartilage  is 
deeper  at  the  inferior  angle  than  elsewherCj  t!ie  bone  being  yet  de- 
ficient in  that  vertical  length  wliicli  is  the  characteristic  feature  of  the 
adult  human  scapula.  The  roxmded  shape  of  the  inferior  extremity 
of  the  macerated  bone  causes  it  to  resemble  the  ilium  at  tlie  same 
period;  and  the  resemblance  is  increased  by  the  imperfect  con- 
dition of  the  part  from  which  the  glenoid  cavity  is  to  be  produced. 
The  floor  of  the  supra-spinal  fossa  extends  but  a  short  distance 
above  the  spine,  the  superior  costa  is  very  curved,  and  the  superior 
angle  is  turned  inwards.  The  spine  is  imperfectly  developed  in 
its  hinder  third;  and  runs  out  from  the  fore  part  of  the  blade, 
suddenly  and  boldly,  into  the  straight  blunt  acromion*  The  blade 
of  the  bone  is  nearly  flat,  and  is  of  nearly  equal  thickness  in  its 
whole  extent ;  perhaps  tlxe  middle  paii  is  rather  tlie  thickest.  In 
the  subsequent  process  of  development  (aa  in  the  case  of  the  flat 
cranial  bones,  page  186)  the  edges  become  thicker,  and  the  lamina 
between  them  becomes  comparativelyj  if  not  actually,  thinner. 

In  the  1st  ye^^r  after  birth  a  nucleus  appeai-s  in  the 

middle  of  the  coracoid  process  ^  This  becomes  united  to 
the  rest  of  the  bone  about  the  15th  year  (PL  XXVII.  figs.  4  and 
5)*.  About  this  time  a  nucleus  appeal's  in  the  cartilage  at  the  extre- 
mity of  the  acromion  (fig*  5),  and  another  in  the  cartilage  which 
extends  along  the  base  and  inferior  angle  of  the  scapula.  The  nu- 
cleus for  the  acromion  varies  in  the  size  to  which  it  attains ;  in  some 


AOct  birth. 


^  Th«  coracoid  la  ossified  from  a  Bcpamte  centre  in  Mtunmalsi  and  it  is  sub- 
Beqaeotly  united  by  buue  to  the  scapula.  In  Birda^  and  Ecptilea,  it  reouunB  diatiDct 
throughout  life. 

*  In  some  InHtanccs^  according  to  BocbirtI,  an  additional  nucleua  \a  formtid  both  at 
the  apex  and  at  the  base  of  tlie  ooracoid,  I  havu  found  the  same  io  ffpecimeus  in  the 
Museum  at  Prague  {PL  XXVII.  fig.  5),  In  Quain'a  AnaiGmy,  i8<;6^  Vol.  i.  p.  iij,  a 
thin  scale  {an  epiphysia)  is  described  aa  fonnmg  on  the  convex  part  of  the  coracoid!, 
after  the  prooeaa  haa  been  joined  on  to  the  general  mass  ol  the  scapula. 


THE  BONES  QF  THE  CPPER  EXTREMlXr. 


369 


it  forms  ouly  the  tip,  in  others  it  constitutes  the  chief  part  of  the 
process.  Now  and  then  it  remains  permanently  separate,  or  is 
Halted  with  the  spine  only  Ly  fibrous  tissue ;  and,  imder  these  cir- 
eumstanceSy  the  mistake  may  arise  of  supposing  that  it  has  been 
broken  off,  and  lias  not  been  reunited  V.  As  a  general  rule,  this  and 
the  other  nuelei,  which  are  developed  about  the  same  time,  coalesce 
with  the  scapula  trom  the  22nd  to  the  25th  year.  The  long  marginal 
epiphysis  of  the  base,  which  resembles  that  of  the  ilium,  is  the 
last  to  unite  ^vitli  the  rest  of  the  bone,  I  have  found  separate 
nuclei  fer  the  edge  of  the  glenoid  c<ivity  in  other  instances  besides 
the  one  represented  in  fig.  5. 

Abnimnai  con-  Even  if  the  whole  of  the  remaiiider  of  the  tipper  ex- 

ditioug.  tremity  iiail  to  be  developed,  the  scapula,  with  its  fulcnmi 

the  clAvicle,  ia  very  I'urely  absent  or  malformed,  though  it  is  sometimes 
remarkably  thin  and  slight.  It  has  been  found  cle^^;  and  occaglonally 
the  plates  of  the  supra*  and  iiifrarspinal  fossae  are  incomplete,  presenting 
irregularly  shaped  apertures  occupied  by  fibrous  tissue.  These  are 
probably  cau^d,  like  similar  deficiencies  hi  the  parietal  bones  (p.  242)| 
not  by  a  primary  impei-fection  in  the  ossifying  processes,  but  by  an  ex- 
cess of  that  modelling  absor]>tion  by  wMch  the  blade  of  the  bone  is 
thinned  as  its  edges  become  thiekened. 

Frtctures.  Its  mobility,  the  support  it  receives  from  the  thorax,  its 

covering  of  muscles,  the  fragility  of  the  clavicle,  and  the  weakness  of 
the  shoulder-joint,  combine  to  render  the  scapida  less  liable  to  frac- 
tures than  any  of  the  large  bones  of  the  upper  extremity.  Fractures 
ai'e  most  frequent  in  the  acromion' ;  in  tlie  blade  below  the  spine  they 
generally  take  a  transverse  direction,  or  are  obhf|ue,  running  from 
the  base  upwards  and  forwards  towards  the  glenoid  cavity;  sometimes 
they  involve  the  glenoid  cavity*;  sometimes  they  extend  only  part  of 
the  way  across  the  bone^.     The  coracoid  process  is  occasionally  broken 


^  Cruv«ilhi€r  speaks  of  two  OMtioua  centres  ft>r  the  acromion,  in  which  ho  ui  followed 
by  QqaIb  &ad  other  anatomisU.     They  imile  together  before  joLiiiDg  the  spine. 
'  Otto*s  Path,  Anat,  p.  a  17. 

*  I  am  Dot  aware  of  any  inatimce  of  bony  union  of  a  fracturr  of  the  acmmian. 

*  Specinicns  in  Muado  Dupuytreo^ 

*  Museum  of  College  of  Surgcrons,  sqiS* 

24 
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off',  and  the  neck  of  the  scapula'  may  bo  fractured;  but  these  are  rare 
accidents. 


1  Ciaeti  by  Mr  South  and  Mr  Amott,  MetUco-ChlrurgUid  TVniw.  nxil.  p.  loo. 
There  ts  a  flpecimen  of  the  kind  in  tbe  Dupuytreu  Mua«jum,  I  do  Dot  ktiow  tljAt  tUU 
fVftoiure  has  ever  been  united  by  bone, 

*  A  Bpeaimeti  of  fracture  of  the  neck  of  the  icapula  in  Guj'e  MuBcum,  acoodnpaniad 
by  ixaiMneam  fracture  of  the  bkde  below  the  Epine^  is  represented  by  Mr  CalUvay,  in 
hia  fjMoijr  <m  th$  Clameh  and  Sfwulder-joint,  and  U  de»cnbed  at  p.  93  of  that  work.  "  A 
ease  of  fracture  of  the  neck  of  the  scapuU  and  of  the  coracoid  process"  is  given  by 
Mr  Brodhurst  in  Mtdieal  Times  avid  Gaidte  for  March  7th,  1857.  An  insianoe  of 
fracture  of  the  body  of  the  bone  by  muscular'  action  m  quoted  in  Rankings  Ab^radt 


BESCEIPTrON  OF  PLATE  XXVII. 

Tig.  I.  Seefcioti  of  sternal  end  of  clavide,  firom  a  female  sot.  15,  shewing  the 
epiphysis. 

Figs.  2  and  3.  Scapula,  at  birtli,  after  nxaceration.  Fig,  J,  external  Hurface. 
Fig.  3,  internal  aurface.  They  shew  the  Bhajw  of  the  bone,  the  convex  border  of  its 
hasei  the  deeply  concave  upper  margin,  the  Bhallownesa  of  the  supra-spinous  portion^ 
the  abrupt  projection  of  the  spino,  the  convex  shape  of  the  glenoid  portion.  Af  the 
part  of  the  glenoid  portion  to  which  the  coracold  process  is  subsequently  attached. 
B,  the  foramen  for  the  nutritioya  arteiy. 

Fig.  4.  Section  of  glenoid  part  of  scapula  at  let,  jo  (reduced).  A,  the  ottified 
portion  of  ooracoid  process  tipped  with  cartilage,  and  united  by  cartilage  to  the  rest  of 
the  bone.     B,  the  cartilaginous  surface  of  the  glenoid  cavity. 

Fig.  5,     Scapuki  from   young   subject  (much  reduced),   showing  a  fissure  still 
remaining  between  fore  part  of  coraooid  and  the  re«t  of  the  bone ;  it  extends  to  the 
glenoid  cavity.     There  is  a  separate  nucleus  at  the  extremity  of  the  coracoid,  also  m^ 
the  extremity  of  the  acromion  ;  and  the  osseous  rim  of  the  glenoid  cavity  is  likewise  | 
separate. 

Fig.  <S.  Transverse  section  of  lefl  humerus,  an  inch  from  the  lower  extremity*  A, 
the  external  ridge ;  -B,  the  internal  ditto ;  (7,  the  anterior  ditto. 

Fig.  7.  Transveme  section  of  left  humerus,  juat  below  point  of  attachment  of  del- 
toid.   Aj  Bj  CfBsm  preceding. 

Fig.  8.  Longitudinal  section  of  humerus,  from  before  backwards,  shewing  the 
shape  of  the  meduUary  cavity,  the  thickness  of  the  outer  wall  in  different  parts,  and 
the  dispoijition  of  the  cancelli,  A ,  the  greater  tubercle.  B,  the  trochlea,  C,  thin 
part  above  the  trochlea. 

Fig.  9.  Longitudinal  section  of  humerus;,  from  side  to  side.  A  and  J?  as  in  pre- 
ceding. (7,  outer  condyle ;  D,  inner  ditto.  The  upper  epiphysial  line  is  still  distinct 
between  the  hcafi  and  the  shaft ;  its  continuation  between  the  tubercle  and  the  shaft 
(towards  A)  is  nearly  obliterated. 
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THE  HTJMEEUS.    (Plate  XXVn.) 

ayerages  from  12  to  13  inches  in  Icn^h.  It  is  a  good  illustmtion 
of  the  general  features  of  constnictioii  which  have  been  described 
(p,  10)  as  prevailing  in  the  long  hone5-  Thus  its  extremities  are 
expanded  for  the  purpose  of  giving  secnrity  to  the  joints  and  of 
affording  attachment  and  increased  leverage  to  the  mnscles;  its 
articular  surfaces  look  in  different  directions,  the  upper  one  up- 
wards, inwards,  and  a  little  backwards,  the  lower  one  forwards  and 
downwards;  its  shaft  is  conti'acted  for  the  piu^^ose  of  affording 
greater  space  for  the  bellies  of  the  muscles ;  its  interior  is  hollowed 
BO  as  to  present  a  well-marked  medullary  canal;  its  exterior  is 
strengthened  by  projecting  ridges ;  and  it  is  curved  in  two  directions, 
BO  as  to  have  somewhat  of  an  S  shajie. 

Of  the  Curves  in  the  shaft,  that  in  the  upper  half  has 
its  convexity  forwards  and  a  little  outwards.  It  is  ren- 
dered  more  prominent  externally,  at  the  lower  paxt,  by  the  rough 
projection  for  the  attachment  for  the  deltoid  muscle,  which  is  im- 
planted into  tlie  hone  at  the  part  most  favourable  to  its  action. 
The  shaft  of  the  humerus  looks  as  if  it  had  been  pidlcd  out  of 
the  straight  line  by  the  action  of  the  deltoid ;  and  that  appearance 
is  more  striking  in  c-ases  of  rickets  in  which  the  curve  is  mor- 
bidly  increased.  This  projection  is  very  strongly  marked  in 
Solipeds  and  some  other  animals;  and  in  the  Mole  it  is  thrown  out 
into  a  long  spike,  so  as  almost  to  meet  a  similar  process  which 
springs  from  the  outer  condyle.  The  inferior  curve  has  its  concavity 
in  front,  and  is  so  disposed  as  to  make  the  lower  articular  end  of 
the  b(jne  present  forwards  as  well  as  do^\'nwards,  thus  bringing  it 
more  nearly  into  the  durection  in  which  the  fore-arm  is  generally 
placed  when  we  foil  upon  the  hand  or  when  we  use  the  limb  in  any 
strong  exertion,  and  placing  it,  therefore,  in  the  position  which 
is  most  fcivourablc  for  the  reception  of  forces  transmitted  from  the 
fore-arm. 

Both  these  curves  are  occasionally  increased,  hut  more  particularly 
the  upper  one,  in  those  cases  of  fcBtal  or  infantile  rickets  in  which  the 
arms  are  affected 

24—2 


372 


THE  BONES  OF  THE  UPPER  EXTREMITY. 


part  moit liable  ^^^^  sliaft^  08  in  the  case  of  the  clavicle  and  most  of 
lofriirtnrfe  ^]^p  j^^nr  hoties^  19  sinallcst  and  hardest  at  the  point  of 
coiifliience  of  tlie  curves,  and  is  here  most  frequently  hroken. 
Occasionally  it  is  broken  by  tlie  contraction  of  the  muscles.  1 
have  already  {page  8)  mentioned  an  instance  in  which  this  oc- 
curred when  a  man  was  helping  himself  upstairs  by  the  hand- 
rail; and  many  others  of  a  similar  kind  have  b^en  recorded ^  In 
consequence  of  the  attachment  of  the  tendinous  fibres  of  the  del- 
ti:)id  of  the  coraco-brachialis  and  of  the  brachialis  anticus  in  this 
neighbourhood,  the  periosteum  is  closely  connected  with  the  bone, 
and  Aom  not,  therefore,  become  separated  in  case  of  fracture  so 
much  as  in  other  places.  This,  together  with  the  moyeraents  to 
which  tlte  broken  ends  are  subjected^  unle^is  the  liand  lie.  well  se- 
cured, is  probably  the  reason  that  tmion  is  more  liable  to  fail  here 
than  in  all  t]ie  other  parts  of  the  shafts  of  long  bones  put  together, 
Trora  this  point  the  shaft  gi-adually  increases  in  size  and  becomes 
less  compact  as  we  trace  it  upwards. 

Just  below  the  head  of  the  bone  tliere  is  an  appa- 
rent, rather  than  a  real,  constriction ;  it  is  caused  by  the 
projecting  rough  spaces  for  the  insertion  of  tlie  axillary  miLscles 
below,  and  the  bulging  of  the  tubercles  and  articular  surface  above. 
This,  which  is  called  the  Surgical  Necl%  is  often  the  seat  of  frac- 
ture ;  it  is  particularly  liable  to  be  broken  in  old  persons,  in  whom 
the  cancellous  texture  of  the  interior  is  becoming  absorbed  and 
replaced  by  fat. 

ThoUjTO!  Traced  downward  fi'om  ite  narrowest  point  the  shaft 

ridge*  jg   ^g(.^    ^    become    flattened    from   before  backwards 

(fig,  6),  so  as  to  carry  the  transversely  elongated  articidar  surface 
for  the  radius  and  idna.  A  ridge  is  thus  fonned  on  either  side ; 
these  with  a  third,  rather  less  prominent,  ridge  on  the  fore  part  give 


«aigtcsil  neck. 


1  Mr.  Turle,  Med.  Timf^  and  GtizetU,  Aug.  15,  1S57,  ^^  collected  fifty  j 
of  epontaneous  fracture  of  thi«  bone,  and  hiiR  not  Iwian  able  to  meet  with  a  shigle 
recorded  example  of  any  healthy  long  bone  (except  the  hiimerua)  being  broken  by  the 
force  of  its  attached  muacles.  I  have  (p,  8)  mentioned  one  in  which  the  femur  was 
lo  broken :  and  the  gentleman  who  witoedfiecl  that  ca,<?e  heard  of  another  prpciwely 
similar. 
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to  the  section  of  the  bone  a  somewliat  triangular  figm-e.  Of  these 
angles  or  ridges  the  outer  (^4),  called  tlie  exUrnul  supra-conJi/hid 
ridge^  is  by  far  the  most  prominent  and  strong ;  it  ia  abo  more  in  a 
line  with  the  shaft  than  the  inner  one.  It  descends  to  the  outer  con- 
dyle and  beai-s,  therefore,  the  chief  i)ressure  of  that  bone  of  the  f[>re- 
arm  which  carrieiS  tlie  hand.  The  inner  [B) — f>r  internal  supra-con- 
dyhid  r«^e— descends  to  the  inner  condyle.  The  anterior  {C) — or 
supra-trockleur  ridge — is  broad  and  thick,  though  less  prominent 
than  the  others ;  it  bifurcates  at  its  lower  part  to  enclose  the  coronoid 
fossa,  and  forms  the  sup{>ort  of  the  lateral  elevations  of  the  trochleiu 
Posteriorly,  the  surface  of  the  humerus,  formed  between  the  extennil 
and  internal  ridges,  is  broad  and  flat;  and  the  ridges,  separating 
below^  enclose  the  *'  olecranon  fossa,'*  and  descend  to  their  respective 
condyles.  Traced  upwards  the  external  siipra-condyhnd  ridge  ex- 
pands into  the  back  of  the  shaft,  and  ascends  to  the  head  of  the 
huraeniSj  fonning  a  tolerably  direct  line,  from  the  condyle  whicli 
carries  tlie  radius,  to  the  superior  articular  surface  of  t!ie  bone.  The 
supra-trochlear  ridge,  which  Is  next  in  strengtli,  forms  the  fore  p^irt 
of  the  shaft,  and  ascends  to  the  great  tubercle.  The  internal  supra- 
condyloid  ridge  continues  its  course,  along  the  inner  side  of  the 
bone,  to  the  lesser  tubercle. 

supr»-condjioid  ^  hook-like  process  of  bone  is  occasionally  found  pro- 
procew.  jecting  from  the  inner  side  of  the  shaft,  about  two  inches 

above  the  inner  condyle.  It  is  directed  downwanla;  and  its  extremity 
is  uaitally  connected  with  the  Inuer  condyle  by  a  ligament  or  band  of 
iibrous  tissue,  enchasing  a  hole  which  corresponds  with  the  "sujira-con- 
dyloid  foramen"  in  the  feline  tribe  of  animals.  In  them  ifc  transmits  the 
brachial  artery  or  one  of  its  primary  branches  and,  coramonly,  the 
median  nerve,  and  is  supposed  to  be  a  provision  for  preventing  the 
compression  of  the  artery  by  the  contraction  of  the  muscles  when  the 
creature  is  seizing  and  holding  its  prey.  Tiedemann*  found  the  supra- 
condyloid  foramen,  in  certain  apes,  associated  with  a  high  division  of 
the  brachial  artery;  the  ulnar-branch  and  the  median  nerve  parsing 
through  the  foramen.     We  might  expect  the  same  diiipawiition  would 


^  Home*a  Leciures  on  CompanUivc  AnatQmy,  i.  76. 
*  Meckel*!  it  ncAiVi  iv.  544^ 
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occur  in  tlie  biiman  subject,  knowing  how  oflem  the  high  division  of  the 
artery  ib  an  attendant  on  anomalies  in  the  anatomy  of  the  ann.  The 
point,  however,  is  not  mentioned  in  the  accounts  of  cases  which  I  have 
read;  except  in  one  related  by  Wilbrand\  where  the  brachial  arteiy  and 
the  median  nerve  are  described  as  passing  through  the  foramen. 

The  depth  of  the  olecranon  and  coronoid  fossfle, 
which  is  so  great  as  to  leave  only  a  transparent  lamina 
"between  tliem,  and  their  size,  together  with  the  siipeiiicial  fossa 
for  the  radius  ahove  the  outer  condyle,  weaken  the  humerus  just 
above  its  articular  end,  m  much  that,  in  spite  of  the  additional 
strength  imparted  by  the  ridges  above  mentioned,  fracture  not  un- 
frequently  occurs  at  this  part,  and  is  apt  to  be  confounded  with 
dislocation  at  the  elbow*.  The  internal  condyle  being  very  promi* 
ncnt  is  liable  to  be  broken  off.  It  shelters  the  ulnar  nerve,  and 
affords  a  surface  of  attachment  and  a  leverage  to  the  flexor  and 
pronator  muscles  of  the  fore-arm.  It  is  in  a  plane  liehind  tliat 
of  the  outer  condi^le;  and  its  greater  length,  compared  with  that 
of  the  outer  condyle,  corresponds  with  the  power  of  the  muscles 
connected  with  it,  as  contrasted  with  the  power  of  the  extensors 
and  supinators  which  arise  from  the  outer  condyle.  The  latter  is 
BO  short  that  it  is  little  exposed  to  injury,  and  is  very  rarely  broken 
off.  Specimens  in  the  Mu8*5e  Dupuytren  prove,  however,  that  this 
accident  does,  now  and  then,  occur. 

u  end*  the  ^^^  Tuha'cles  at  the  upper  end  of  the  humerus  are 
tubercles.  much  comprcssed  in  comparison  with  their  size  and  pro- 
minence in  some  of  the  lower  animals;  this  is  for  the  purpose 
of  permitting  a  free  range  of  movement  in  the  shoulder-joint*. 


• 


1  BrUidi  mvd  Fortign  Medical  Betneir,  XIX.  571. 

*  In  quiulrumana,  camivorai  and  some  other  animals,  tlie  thin  plate  of  bone 
between  the  coronoid  and  olecranon  foflBse  does  not  exist,  so  that  there  is  coraiaunica- 
tton  between  the  two.  This  IB  ooca«lon&Uy  fotmd  idao  in  man,  and,  it  is  aaid, 
more  frequently  in  tlio  Negro  than  in  tbe  European, 

'  In  roan  the  processes  of  the  scapula — the  acromion  and  convcoid — are  large,  but 
stand  wide  of  the  joint  and  do  not  interfere  vnih  its  movements.  In  tbe  lower  animals, 
pQrticnbrly  in  SoUpedj,  they  are  small  j  wheroaa  the  tubercles  of  the  hnmoruH  are  of 
great  size^  and  encro&ch  upon  the  joint.  In  these  animak  also  the  articnlar  surface 
of  tbe  hnmerus  la  nearly  in  the  same  line  as  the  alialt,  and  not  set  off  from  it  at  an 
angle  by  means  of  a  neck  a«  it  is  in  man. 
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The  smaller  tubercle,  and  the  outer  part  of  the  larger  one,  give 
attachment  respectively  to  the  subscapalaris  and  the  teres  minor 
mu8cle8,  which  rotate  the  arm  inwards  and  outw^ards.  The  middle 
part  of  the  great  tubercle  gives  attachment  to  the  supra-  and 
infra'Spmaim  rausclcB,  which  assist  in  the  elevation  of  the  ann 
by  causing  the  head  of  the  humerus  to  revolve  in  the  glenoid 
cavity,  go  enabling  the  (felloid  to  i>erform  its  intended  function  of 
raising  the  ami.  Were  it  not  for  the  assistance  thus  afforded  by 
these  two  muscles,  a  considerable  paii,  at  least,  of  the  force  of  the 
deltoid  would  be  lost,  in  consequence  of  the  direction  of  its  fibres 
being  such  as  to  draw  the  head  of  the  humerus  straight  upwards 
against  the  acromion. 

The  shallow  constriction  which  is  situated  between 
the  tubercles  and  the  articular  surface,  and  is  continued 
beneath  the  inferior  edge  of  the  latter,  is  called  the  Anatomiail 
Neck,  It  corresponds,  in  many  respects,  with  the  neck  of  the 
femur,  and,  like  it,  carries  the  liead  at  an  angle  of  about  120*  with 
the  shaft.  It  is  invested  with  fibrous  tissue,  which  is  fonned,  in 
part  at  least,  by  fibres  reflected  from  the  insertion  of  the  capsular 
ligament,  backwards,  to  the  margin  of  the  head,  and  which  is  over- 
laid by  synovial  membrnnc.  It  serves  the  purpose  of  giving  power 
to  the  rotators  of  the  limb,  and  of  increasing  the  range  of  move- 
ment of  the  joint ;  but  in  consequence  of  the  shallow^iess  of  the 
glenoid  cavity,  it  needs  not  to  be  of  so  great  length  as  the  neck  of 
the  femur,  and  it  is  proportionately  less  liable  to  fracture.  Never- 
theless, fracture  does  sometimes  occur*  in  old  age,  when  the  cancel- 
lous structure  in  its  interior,  like  that  in  the  neck  of  the  femiu*, 
often  undergoes  absorption  and  fatty  degeneration. 
MeduikiT cavity.  ^  longitudinal  section  of  the  brme  (figs.  S  and  9) 
•MdwaU  of  abaft  gJigi^pg  the  MeduUartf  Cavity  to  be  of  large  size,  and  to 
extend  along  the  whole  length  of  the  shaft.    The  Nulriiioiis  Artery 


"  In  the  Duptjytren  Museum  I  fouml  three  si^Bdmena  of  fracture  through  this 
part  Dr  Knox,  Medici  GmeUe^  xxxi.,  found  frmcture  of  the  aDatomicyJ  neck  of  the 
hmneriu,  within  the  oapiular  ligiwnent,  in  diwiecting  the  shoulder  of  an  aged  female. 
There  wre  two  Mpecimens  in  the  Museum  of  the  College  of  Burgeons  of  fimcture  dose 
to  Ibe  Anatomic*}  neck.  The  bones  are  remsxkAbly  %ht  from  atrophy :  in  one  instMice 
the  patient  was  seven ty-seTen,  and  In  the  other  seventy^nine. 
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enters,  a  little  l>eIow  the  inaertion  of  the  coraco-brachialiH,  through 
a  cliannel  directed  obliquely  downwards.  Sometimes  there  is  a 
second  nutritious  artery,  higher  up,  which  takes  the  same  direction. 
The  wall  of  the  ln^iie  is  very  thick  and  dense  a  little  below  the 
middle,  where  tlie  diameter  of  the  shaft  is  smallest,  and  where 
the  medullary  canal  is  ^vide.  Towards  the  upper  end  the  size 
of  the  shaft  gradually  increases ;  and  the  wall  becomes  thinner, 
in  consequence  of  lamiuaj  passing  off  from  it  into  the  interior. 
Near  the  head  of  the  bone,  where  the  circumference  suddenly 
enlarges,  thej^e  lamina^  separate  in  greater  numbers  from  the  expand- 
ing wall  and  ascend  vertically  to  tlie  epiphysis.  The  latter  is 
generally  composed  of  rather  compact  cancellated  structure.  At  the 
lower  end,  where  a  sudden  widening  of  the  bone  takes  place,  the 
separation  of  the  components  of  the  wall  into  vertical  or  radiating 
laminae  is  also  very  marked  5  and  the  laminas  which  pass  from 
the  outer  side  to  support  the  capitulum  fur  the  radius  are  particu- 
larly strong. 

About  the  middle  of  the  2nd  month  a  nucleus  ap- 
pears  near  the  middle  of  the  shaft ;  or  there  may  Ije  two 
nuclei,  corresponding  with  the  two  nutritious  arteries  which  are  oc- 
casionally found; 'when  this  is  the  case  the  two  quickly  coalesce 
into  one,  which  soon  extends  to  the  extremities  of  the  shaft. 
The  ends  of  the  bone  remain  cartilaginous  till  after  birth.  Home 
time  during  the  Ist  year  ossificatitm  begins  in  the  upper  one;  and, 
a  few  months  later,  a  nucleus  appears  in  the  outer  part  of  the  lower 
extremity.  This  grows  into  the  tubercle  for  the  radius  and  the 
outer  edge  of  tlie  trochlea  j  or  tliere  may  be  a  separate  nucleus  for 
the  fonnen  The  concave  portion  and  inner  edge  of  the  trochlea, 
are  either  developed  from  a  separate  nucleus,  which  appears  about 
12,  according  to  Bcclard,  or  are  formed  by  an  extension  of  the 
shaft  in  that  direction  (PL  11.  fig,  6,  page  40).  At  about  8  the 
nucleus  for  the  inner  condyle  apjiears ;  I  have  found  it  veiy  distinct 
at  10.  In  some  instances  a  small  nucleus  is  formed  on  the  outer 
condyle  at  about  15.  These  all  are  united  together  at  about  17, 
and  to  the  sliaft  before  20.  At  the  beginning  of  the  3rd  year 
the  nucleus  for  the  great  tubercle  is  seen,  and  at  the  end  of  the 
5th  year  that  for  the  lesser  tubercle.    These  soon  unite  together ; 
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and,  about  a  jear  after  tlieir  union,  tlicy  coalesce  witli  tlie  head, 
fonning  the  upper  epiphysis,  wliich  in  not  united  to  the  shaft  till 
2L  This  epiphysis  is  not  veiy  deep;  and  the  neck  of  the  humerus 
18  cliiefly  formed  by  the  shaft,  which  is  prolonged  inwards  and 
upwards  for  that  purpose,  just  as  the  shaft  of  the  femur  is  pro- 
longed to  form  the  neck  of  that  bone. 

The  length  of  the  humerus  is  great  in  proportion  to  that  of  the  other 
bone8  of  the  limb,  goes  on  increasing  during  develo|inieiit  and  growth 
(p.  98),  and  is  one  of  the  characteristics  of  the  human  frame  (p,  89).  In 
the  orang  and  some  other  monkeys  the  radius  and  ulna  are  as  long  as,  or 
longer  than,  the  humerus  (p.  106).  Its  growth  ia  liable  to  be  arrested  in 
rickets;  and  in  some  of  the  examples  of  this  disease  it  is  remaikably 
short,  as  well  as  abnormally  curved  and  thick-  Its  devclojtnient  occa- 
sionally fails  altogether,  or  in  jmrt,  with  or  without  failure  of  the 
other  eegmeot's  of  the  extremity.  In  the  case  of  a  lady,  mentioned 
by  Velpcau,  the  total  and  congenital  alisence  of  the  hnmeruB  inteifei-ed 
but  little  with  the  movements  of  the  fore-arm  \  Its  shaft  ia  not  uiifre- 
quently  the  subject  of  scleroaia  and  growths  of  various  kinds. 


THE  BONES  OF  THE  FORE-AEM 

preitent  rather  more  interest  than  attacljcs  to  the  other  long  bones, 
Ivccause,  in  addition  to  their  movement  together  upon  the  humerus, 
tlie  radius  undergoeg  a  partial  revolution  upon  the  ulna  for  the  pur- 
Aiitofmtatiwi  V^^^  ^^  permitting  the  pronation  and  supination  of  the 
f^^^^  hand.  In  this  movement  the  radius  rotates  u]>on  an 
Md  supination  f^xis  dra\\Ti  straight  downwards,  as  a  plurab-line  would 
fali,  through  the  most  prominent  part  of  the  articular  surface  of  the 
outer  condyle  of  the  humerus.  The  upper  portion  of  this  axis 
passes  directly  througli  the  centre  of  the  button-like  head  of  the 
radiui?,  which  rests  upon  the  candy le»  But  as  we  trace  it  lower 
down,  in  consequence  of  the  inclination  of  the  bones  of  the  fore-arm 
outwards  from  the  humerus  at  the  elbow,  it  soon  ceases  to  traverse 


*  Tbe  humenw,  "m  »  rule,  »pp©wi  to  be  wanting  in  fishea.'*    V»n  dcr  Ho«?eii*» 
Handbook  of  Zoolof^,  by  Dr  CUrk,  II.  17. 
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the  radius,  and  takes  its  course,  along  the  interosseous  apace,  to  the 
lower  end  of  the  ulna,  tlirougli  the  middle  of  which  it  runs,  just  as 
above  it  had  run  through  the  middle  of  the  end  of  the  radius. 
Accordingly,  in  pronation  and  supination,  the  upjter  articidar  sur- 
face of  the  radius  rotates  upon  its  own  axis,  on  the  tubercle  of  the 
humerus  and  in  the  leaser  sigmoid  cavity  of  the  uhm :  whereas  the 
iipwpendkn-  ''^*^^^  t!nd  of  the  radiiL^^  plays  around  tlie  lower  extremity 
urfromottier  ^f  ([^^  uhm,  and  describes  a  seinnent  of  a  circle  upon  it, 
menu  to  end  rcvolTing  upou  an  Exis  which  passes  through  the  centre 
of  the  extremity  of  that  bone.  Thus,  although  the 
axes  of  movement  of  the  two  extremities  of  the  raclins  in  pronation 
and  supination  coincide  in  the  same  perpendicular  line,  that  of  the 
one  passes  through  the  end  of  the  radius,  and  that  of  the  other 
through  the  end  of  the  ulnaV.  If  now  this  pei-pendicular  line  be 
prolonged  downwards  through  the  hand  it  passes  through  the  ring 
tinger;  so  that,  in  the  movement  referred  to,  the  hand,  with  the 
radius,  rotates  upon  an  axis  di-aiini  j&rom  the  middle  of  the  outer 
tubercle  of  the  humenis  to  the  extremity  of  the  ring  finger;  and 
the  axis  traverses  the  lower  end  of  the  ulna,  which  forms  a  point 
d*  appui  for  the  member  to  revolve  upon.  The  lower  end  of  the 
ulna  is  a  fixed  point,  or  nearly  so.  Perhaps,  during  rapid 
and  forced  movements,  it  may  be  subjected  to  a  slight 
inclination  in  the  opposite  direction  to  that  of  the  radius, 
that  is  to  say,  inwards  during  supination,  and  outwards  diu-ing 
pronation;  but  this  is  very  slight,  and,  under  ordinary  circum- 
stances, does  not  appear  to  take  place  at  all. 

The  state  of  complete  supination  is  a  forced  and 
MM  poiitioo  rather  tmcomfortable  position ;  and  the  same  may  be 
said  of  complete  pronation.  When  at  ease  the  hand 
and  forearm  fall  into  a  mid-position  between  supination 
and  pronation ;  and  tlie  deepest  parts  of  the  opposed  articuhir  sur- 
faces of  the  radius  and  ulna  are  then  in  contact.  This,  accordingly, 
is  the  position  which  we  select  when  we  wish  to  confine  the  limb  in 
cases  of  fracture  of  the  fore-arm ;  and  it  is  the  one  in  which  we  can 


I  ft  fixed 


poloL 


atteutcaod 
Btreagth* 


*  I  find  that  Mr  Ward  (in  his  Human  Otttmlogift  p.  3ti)  describea  correctly  this 
udfl  of  rotation  of  the  radius,  and  illiistratea  it  by  a  dia^^Tmi, 
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ex^rt  the  greatest  power  with  tlie  hanrl  and  in  pressing  with  the 
pahn.  The  condition  of  complete  proimtion  h  more  agreeable,  both 
to  the  feeling  and  the  eye,  than  that  of  complete  supination.  Thia 
accords  with  the  shape  of  the  articular ,  surtacea ;  and  it  accords 
also  with  the  position  which  is  permanent  in  most  of  the  lower 
animals. 


■  mipiniition  ^*^*'*  ^*  ^^^  ^  remarked,  the  power  of  supination  is 
r  to  man.  peculiar,  or  almost  peculiar,  to  man  and  quadrimiana  among 
majnmals.  lo  the  greater  nimiber  of  manunaJa  the  hand  and  arm 
are  used  for  support  as  well  as  for  prehension;  and  in  proportion  aa 
the  former  piiqioae  Is  the  more  important,  so  is  the  configuration  of 
the  radiniii  more  adapted  for  strength,  and  lesa  for  rotatory  motion. 
Even  in  camivoroua  animaJs  a  great  difference  from  the  condition  of 
the  hinnan  fore-arm  is  observable,  Tlie  head  of  the  radius,  instead  of 
presenting  a  circular  facet  to  the  humerus,  is  in  them  transverselj  elon- 
gated, its  fore  part  projecta,  beyond  the  level  of  the  capitulum,  half-way 
across  the  articular  surface  of  the  humerus,  and  the  liooe  can  acaroely 
be  moved  from  the  state  of  pronation.  This  ia  still  more  the  case  in 
Bodentia,  Pachydermata,  Rimiinantia  and  Solidungnla ;  in  these,  with 
the  exception  of  the  elephant,  the  triinsversely  elongated  head  of  the 
radios  occupies  the  whole  of  the  foro  |?art  of  the  elbow-joint,  to  the  entire 
exclusion  of  the  ulna,  the  fore^arm  is  quite  prone,  and  no  supination  is 
possible.  In  the  sloth,  seal,  kangaroo  and  ant-eater,  where  the  anterior 
extremity  is  used  less  for  sup]^>ort  and  more  for  prehension,  <fec.  there  is  a 
nearer  approach  to  the  quadrumanmis  condition,  the  head  of  the  null  us 
is  more  restricted  to  the  outer  condyle  of  the  huraenia,  and  the  faculty 
of  supination  ia  possessed  by  them  in  a  more  or  less  cc»nsiderab!e  degree. 
Of  the  tw^o  bones  of  the  fore-arm  the  radius  is  by  far  the 
iWfttioii  of  the  most  constant  and  the  meet  important  in  the  animiil  series, 
tothenomtier  The  Size  and  length  of  the  ulna  vary  very  greatly  in  the 
^^  different  classes;  its  lower  [lart  especially  is  often  absent  or 
very  imperfectly  developed,  and  the  varieties  of  this  bone  bear  a  marked 
relation  to  the  development  of  the  digits.  Thus  in  Man  and  Quadm- 
mana,  where  the  proper  comiilemcnt  of  the  latter  is  Jive,  the  ulna  is  of 
full  size,  and  extends  from  the  elbow  to  the  wrist  In  Camivora,  where 
on^  or  more,  of  the  digits  is  imf»erfect,  the  relative  size  of  the  ulna  is 
leu,  though  the  olecranon  is  lai^er.  In  Kodents  also,  where  the 
thumb  is  short,  or  consists  of  two  segmentSi  or  is  represented  by  only  a 


mn 
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single  oseicle,  the  ulna  m  oomparatively  small ;  iu  mma  it  fonns  only 
a  thill  slip  at  tlie  Imck  of  the  nwliiis,  and  the  olecranon  in  large;  In  the 
elephant,  whicli  rests  upon  the  exti-eniities  ol  five  digits,  the  ulna  is  of 
great  size  and  strength,  entering  largely  int*3  the  formation  bc»th  of  the 
elbow  and  wi*ist-joint ;  and  the  radius  is  pi^portionately  small  and  is  con- 
fined to  the  outer  tubercle  of  the  humerus.  In  the  rliinocei'os,  which 
has  four  digits,  the  ulna  h  smaller  and  not  seen  in  the  front  of  the 
joint.  The  hippo^xitainus  bears  upon  only  three  toes,  and  haa  a  propor- 
tionately small  ulna,  which  is  in  great  part  blended  with  the  radius.  In 
Buminantg,  where  there  are  two  toes,  tiie  olecranon  is  large,  and  tlie 
Bhoft  of  the  ulna  is  reduced  to  a  mei*e  delicate  splint  or  slip  running 
down  the  back  of  the  ra4ius  to  ncur  the  cai^>ugL  la  Bolidungula, 
which  rest  upon  orae  toe,  the  ulna  is  raiuced  almost  to  its  olecmnon 
portion,  and  the  shaft  is  represented  by  a  thin  splint  which  reaches 
only  a  little  below  the  elbow.  In  the  sloth,  seal,  kangaroo  and  ant-eater, 
the  number  of  toes  is  greater,  and  the  ulna  is  proportionately  larger. 
In  moat  EeptOes  there  is  the  full  complement  of  toes,  and  the  ulna 
ofben  escceeds  the  radius  in  sise  and  is  joined  with  the  carpal  bone& 

This  diminution  of  the  size  of  the  ulna,  in  accordance  with  the  lessen- 
ing of  the  number  of  the  digits  in  the  animal  series  as  we  travel  douTi- 
wai*da  from  mauj  is  the  more  peculiar,  because  we  do  not  fiml  the  sub- 
traction of  the  digits  to  take  place  Jimt  on  tlie  ulnar,  but  rather  on  the 
radutlj  side  of  tlie  hand;  for  instance,  the  thumb  is  imperfect  or  alto- 
gether suppressed  in  some  animals  (the  rhinoceros  for  instance)  which 
retain  all  the  fingers, 
.„       ^  Notwithstanding  these  variations  in  the  size  of  the  ulna 

XJiiifc  not  more  ° 

ofiteu  uodc"        in  different  animal^?,  it  doe^^  not  appear  that  in  the  hmnan 

Tcloiiied  tliaD  1  »      ,     'r       1         1  ,    "  I'll  J*  »i      1 

the  rwliufl  in  Subject  its  development  la  more  liable  t*;  fail  than  tliat  of 
"**"•  the  radius.     One  or  both  of  these  boni^s  may  lie  absent  or 

more  or  less  defective;  and  this  condition  is  usually  associated  with  an 
absence  or  deficiency  of  a  corresponding  part  of  the  hand. 


« 


THE  ULKA 


diminiahes  in  size  from  above  do^vnwards.  It  is  of  considerable 
dimensions  at  the  ii]ipcr  part,  where  it  enters  largely  into  the  for- 
mation of  the  elbow-joint  and  gives  attachment  to  the  great 
extensor,  aa  well  as  to  one  of  the  flexors  of  the  fore-arm,  and  to 
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^BO^le  of  the  flexors  and  pronators  of  tlie  ImiMl.  At  the  niidJle  it 
k  also  very  strong,  and  is  fiirnislied  with  projecting  ridges  which 
give  its  section  a  triangular  form.  Just  above  its  lower  articular 
surface  it  ig  smaller  than  elsewhere,  and  the  ridges  have  disap* 
pearedj  so  that  it  is  reduced  to  a  mere  neck  carrying  the  lower 
articular  end.  It  presents  two  Curves  in  its  shaft;  one  of  which 
is  wide,  involving  the  upper  two-thirds  of  its  length,  and  is  directed 
backwards  and  inwards;  tlie  other  is  rather  sharper,  involves 
only  the  lower  third  of  the  bone,  and  has  its  convexity  forwards 
and  outward-s.  The  moBt  bent  portion  of  the  ulna  is  that  which 
is  also  the  smallest,  namely,  the  part  just  above  the  lower  end. 
The  Medullary  Canal  is  large  in  proportion  to  the  size  of  the  bone, 
and  runs  the  whole  length  of  the  shaft.  The  Nutritious  Artery 
enters  the  fore  part,  at  a  third  from  the  upper  end,  and  runs 
obliquely  upwards, 

ooronoid  pro-  The  CoTonoid  process  has  to  bear  the  chief  force  of 

***^  the  trochlea  in  pressing  forwards  with  tlie  hand;  it  is 

strengthened  by  ridges,  which  descend  from  its  outer  and  inner  edges 
and  converge  upon  the  fore  part  of  the  shaft.  These  ridges  give 
attachment  to  muscles  and  ligaments ;  and  the  hrachmlis  anticus  is 
implanted  into  the  rough  surface  between  them.  So  strong  is  the 
root  of  this  process  that  it  is  very  seldom  broken  off,  though  a  few 
instances  of  the  accident  have  occurred. 

On  the  middle  of  the  broad  upper  surface  of  the  Ole- 
cranon tliere  is  a  slight  prominence  which  has  the  effect 
of  distancing  the  triceps  tendon  a  little  from  the  centre  of  motion 
of  the  elbow.  It  is  smootli,  and  a  bursa  intervenes  between  it  and 
the  tendon  which  passes  on  to  the  roughness  beyond  it.  The 
hinder  a^^pect  of  the  olecranon  presents  a  triangidar  surface,  which 
ia  covered  by  dense  closely  adhering  longitudinal  stripes  of  fibrous 
tissue  connected  with  the  triceps  tendon  (PL  XXXII.  fig.  2,  Q)^ 
More  distinct  processes  of  the  tendon  pass  along  the  ridges  that 
form  the  lateral  margins  of  this  triangular  surface.  Near  its  June* 
ture  with  the  ulna  the  olecranon  is  ratlier  narrower  than  elsewhere. 
It  is  here  liable  to  be  broken  by  iVills  upon  the  elbow  or  by  spas- 
modic action  of  the  triceps.     The  fragment  so  detached  is  com- 
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iiiouly,  more  or  less,  drawn  up  by  the  muacle ;  and,  for  that  and 
other  reasons,  bony  reunion  ii*  not  to  be  expected. 

Ossification  commences,  in  the  2nd  month,  near  the 
middle  of  the  shaft  The  upper  extremity  of  the  bone 
is  formed  chiefly  by  the  prolongation  of  the  shaft.  Separate  nuclei 
are,  however,  superadded  from  the  6th  to  the  10th  year;  one, 
pretty  constant,  for  the  olecranon,  which,  in  its  first  appearance,  is 
compared  by  Meckel  to  the  kneepan^;  one,  sometimes,  for  the  coro- 
noid  process,  of  small  size ;  and  another,  rather  larger,  for  the  lesser 
sigmoid  cavity.  That  for  the  olecranon  and  the  other  two  unite  to 
the  shaft  soon  after  puberty.  In  tlie  lower  end  there  are,  according 
to  Beclard,  two  nuclei,  which  appear  soon  after  birth,  one  for  the 
articular  extremity,  and  one  for  the  stjdoid  process ;  they  soon 
unite  together,  but  are  not  joined  to  the  shaft  till  near  22,  Accord- 
ing to  Meckel  tliere  is,  in  the  lower  end,  only  one  nucleus,  which 
does  not  appear  till  the  5th  or  6th  year. 

The  posterior  edge  of  the  ulna  is,  in  a  ccmiildemble  part  of  its  extent, 
subcutaneous;  and  it  participates  -i^-itli  the  inner  surface  of  the  tibia, 
which  L-^  similarly  circumstanced,  in  a  liabilitj  to  be  the  subject  of 
nodes. 


1  Profenor  Owen,  in  opposition  to  Yioq-d'A^r  and  otlieni^  rcfardfl  the  ole- 
cf&EiOD  to  be  homologoua.  not  with  the  pat«lla,  but  with  an  extenaion  of  the  apper  end 
of  the  fibula  above  the  knee-joint,  which  m  met  with  in  the  Ornithorhynchus  and 
Dome  other  animals.  He  finda  in  the  Bat  a  ieaamoid  bone  auperadded  to  the  olecranon 
"which  correBpondB  with  a  detached  oasicle  Bituated  over  the  highly  projecting  uppor 
«n«l  of  the  fibula  in  the  Wombat/'  "  In  certain  bata  there  ia  a  development  of  a  sesa- 
moid bone  in  the  tendon  of  the  biceps  hra^bii,  in  front  of  the  el  bow -joint,  which  is  the 
true  bomotype  of  the  patella  in  the  leg/'  On  the  nature  of  Limbitf  pp*  -24  and  iq.  I 
caniiot  hut  feel,  however,  that  there  are  some  strong  grounds  for  adhering  to  the  old 
view  of  the  olecranon  bt^ing  truly  the  homo  type  of  the  patella.  Of  tbis,  however,  more 
will  he  B^d  hereafter.  The  occurrence  of  a  Resamoid  bone  above  the  olecranon,  and 
united  to  it  by  ligament,  has  been  occasionally  observed  in  the  human  subject;  aleo 
on  the  summit  of  the  coronoid  process.  Jourdan,  Enr^d.  Anati>miqv€,  n.  137 ;  Blaudln, 
Arntt.  T.  161,  In  the  frog  the  olecranon  process  la  wanting^  and  a  substitute  for  it  is 
provided  by  a  thickening  of  the  tendon  of  the  cctettMr  eultUi,  where  it  p»«sea  over  the 
joint,  aided  by  the  lower  end  of  the  humerus,  which  w  thrown  out  into  a  prominozice 
at  this  part.  In  the  Sumiam  toad  there  b  a  sesamoid  l:>one  interposed,  like  a  patella^ 
between  the  tendon  of  the  extensor  cnhiti  and  the  elbow-joint,  CcUalpffue  of  MvtMium 
af  Coitege  of  Surffeont, 
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averages  ratlier  more  than  nine  inclies  in  length.  Its  shape  is, 
in  many  re^ipects,  the  reverse  of  tlmt  of  the  idna.  It  ia  constricted 
above,  instead  of  below,  and  it  increases  in  size  from  the  npfjcr 
towardii  the  lower  end*  It  forms  but  a  comparatively  small  part 
of  the  elbow-joint,  whereas  it  is  the  chief  bone  of  the  wrist.  ItJ 
upper  articular  surface  for  connection  with  the  ulna  is  convex ;  the 
lower  is  concave.  Its  shaft  presents,  like  that  of  the  tilna,  two 
Curves;  but  they  are  in  opposite  direction  to  the  ciu-ves  in  the 
latter  bnne ;  the  upper  is  the  sharper,  occupies  the  superior  third 
of  the  bone,  and  has  its  convexity  inwards  and  forwards;  the 
lower  is  wider,  occupies  the  lower  two-thirds,  and  has  its  con- 
vexity outwards  and  backwards.  Hence  the  two  bones  are  bent 
towards  one  another  in  the  upper  part  of  tlie  fore-arm,  which  renders 
the  interosseous  space  there  narrow ;  whereas,  lower  down,  they  are 
bent  away  from  one  another,  and  tbe  interosseous  space  is  wider*. 
Besides  the  secondary  curves  in  their  shafts  both  the  radius  ^nd 
ulna  present  a  primary  curve,  with  the  concavity  in  front,  involving 
their  whole  length,  which  is  for  tlie  purpose  of  aflbrding  more 
space  and  better  leverage  to  the  flexor  muscles  of  the  hand  and 
fingers. 

The  most  prominent  part  of  the  superior  curve  of 
the  radius  gives  attachment  to  the  great  supinator  of 
LatpLtofUie  the  fore-arm— the  bweps  muscle;  and  the  bone  is  here 
upper  carT&  fhrowu  out  ioto  Still  greater  prominence,  by  the  forma- 
tion of  the  Tubci'tJe,  for  the  purpose  of  increasing  the  leverage  of 
that  muscle.  The  tendon  of  the  biceps  is  implanted  into  the  pro- 
jecting posterior  edge  of  the  tubercle  and  into  the  rough 
space  just  behind  it,  Ijeing  separated  from  the  smooth 
fore  part  of  the  tuliercle  by  a  bursa,  thus  obtaining,  in  every  posi- 
tion of  the  bone,  all  the  advantages  which  the  tuljcrclc  affords. 


AttadBBsnlof 


The  taberde. 


^  In  the  monkey  the  mdltis  describes  a  coosiderably  bolder,  aa  well  as  ton^r,  curve 
m  its  lower  pa^rt  than  it  does  in  mui ;  »Dd  tbe  inttiroflseous  8p4bc«  m  pro]>ortioiuit«lj 
wider. 
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The  action  of  this  strong  muscle  upon  the  tubercle  of  the  radius 
renders  tlie  power  of  ^^upination  greater  than  that  of  pronation  ;  and 
the  tools  of  workmen  are,  for  this  reason,  so  made,  that  ^?crew^ 
driving,  gimlet-tuniing,  and  mechanical  work  of  the  like  kind,  is 
done  by  supination  of  the  right  hand.  From  the  tubercle  a  strong 
ridge  runs  upwards  and  outwards,  in  front  of  the  neck, 
tow^ard;^  the  lieaii  of  the  bone;  and  another  ridge  ruus 
downwards  and  outwards  to  the  exterior  of  the  fore  part 
of  the  shaft,  near  its  middle.  These  ridges  strengthen 
the  radius  in  the  two  directions  into  which  the  force  of  the  biceps 
muscle  is  resolved  in  its  efforts  to  supinate  the  radius. 

Just  as  the  erreat  supinator  is  attached  to  the  most 

Attachment  of  ,  j*     i  -  /♦     i 

pronator  teres  *proniinent  part  of  the  convexity  of  the  ujTper  curve  of 
LntitflrtoftJio  the  radius,  which  is  on  the  inner  side,  so  is  the  great 
lower  curve  protmUw — tlic  pronator  teres — attached  to  the  most  pro- 
minent part  of  the  convexity  of  the  loicer  curvCj  which  is  on  the 
outer  side.  A  rough  spaeCj  a  little  above  the  middle,  on  the  ex- 
terior of  the  shaft,  indicates  the  point  of  insertion  of  the  tendon 
of  Ihis  muscle,  which,  like  that  of  the  biceps,  takes  all  possible 
advantage  of  the  leverage  afforded  by  the  shape  of  the  radius, 
inasmuch  as  it  runs  nearly  to  the  lower  edge  of  the  rounded  outer 
margin  of  the  bone. 

Bjdgewi  A  very  prominent  and  sharp  ridge  runs  along  the 

tdnv  lide.  inner  edge  of  the  radius,  in  the  arc  of  its  lower  curve- 
It  gives  attachment  to  the  interosseous  ligament,  and  contributes 
greatly  to  the  strength  of  the  bone  at  a  part  where  such  assistance 
is  much  needed.  Above,  it  is  smoothed  down  before  it  reaches 
the  tubercle,  because  the  presence  of  so  8har|)  a  ridge  there  would 
have  been  a  hindrance  to  the  free  movement  of  the  radius  in  pro- 
nation and  supination.  Below,  the  inner  edge  is  flattened  so  as  to 
form  a  broad  sui-ftice  which  jiresents  a  concave  facet  for  articula- 
tion with  the  ulna. 

The  foramen  Jot  the  medullary  artery  is  situated  a 
little  lower  down  than  that  of  the  ulna. 
Bend  ftt  lower  ^  sUght  bend,  With  the  convexity  backwards,  at  the 

p"^  inner  part  of  the  shaft,  has  the  effect  of  slanting  the 

lower  end  of  the  bone  forwards,  so  as  to  give  it  the  beat  direction 
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for  receiving  the  forces  that  are  transmitted  to  it  from  the  palm 
when  pressure  is  made  with  the  hand,  or  when  wc  fall  upon  the 
hand. 

This  part  of  the  radius,  however,  being  so  much  exposed  to  violence,  is 
frequently  hrokeii.  The  upper  fractured  end  is,  in  most  iustances,  driven 
in  front  of  the  other,  the  liue  hetween  them  being  more  or  less  oblique'. 
Fractures  may  also  occm-  at  any  other  part  of  the  bone;  indeed  they  «tre 
frequent  at  every  part 

Ossification  commences  in  the  shaft  at  the  same  time 
a«,  or  a  little  earlier  than,  in  the  ulna*  It  begins,  in 
the  2Dd  year,  in  the  lower  epiphysis,  which  is  united  to  the  shaft 
at  about  20 ;  and  in  the  8th  or  9th  year,  in  the  upper  epiphysis*, 
which  is  joined  to  the  shaft  in  the  13th  year, 

A  peculiar  feature  in  the  pathology  of  the  radius  is  the  liability  of 
its  lower  end  to  become  enlarged  in  children  uf  strumous  habit  The 
nhia  sometimes  undergoes  the  same  change;  this  taken  place  in  no  other 
bones  T^^th  anj^hing  like  the  same  frequency  or  to  the  same  extent 
The  lower  end  of  the  radius  ia  sometimes  the  seat  of  acute  iiiEamma- 
tion,  causing  ulceration  at  the  epiphysia'. 


Dcurdopmcnt 


THE   HAND 

is  the  most  important  part  of  the  whole  hmb,  inasmuch  as  it  is  the  part 
to  wJiioh  all  the  rest  in  aabservient  Tlie  office  of  the  shoulder,  arm  and 
ftire-arm,  is  to  bear  the  hand,  and  to  carry  it  at  a  convenient  distance 
from  the  trunk  so  that  it  may  enjoy  a  sufficient  range  of  movement, 


^  In  consequence  of  its  proximity  to  the  wrist-joint^  fractorfla  of  thin  part  of  tlie 
radius  are  rather  difficult  to  rliHcovtT,  aod  th<*y  are  very  often  overlooked.  Fre- 
quently they  are  mifttakt-n  for  dihlocation  of  the  wrist,  which  la  frtrange,  Ruice  it  is, 
or  ougbt  to  be,  a  well-known  fact  that  dislocation  of  that  joint  ia  of  very  rare  occur- 
rence. 

^  It  is  stated  m  Quain's  Anatomy  that  ossification  bepBS  in  the  upper  epipbysii 
before  the  fifth  year. 

'  In  Sandifort*a  Mugeum  AncUomicumi  n.  Tab.  v.  is  the  representation  of  the 
bonea  of  the  eztremitioa  of  a  rickety  subject,  in  which  both  radius  and  uhia  are  greatly 
curved  in  wards  at  the  junction  of  the  middle  and  upper  thirds,  the  wlna  forming  the 
concavity  and  the  ntdiufl  the  convexity  of  the  carve;  the  leg  is  also  curved,  the 
fibula  being  on  the  oonciive,  the  ttbia  on  the  convex  side, 
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and  be  able  (in  man)  to  be  applied  to  every  part  of  the  body.  In  some 
animals  (Cetaceans)  the  hand  is  fully  developed,  although  the  reat  of  the 
limb  is  oalj  nidiinentaiy ;  and  in  some  examples  of  raonstroaity  in  the 
human  subject  it  i&  piresent  and  appended  to  the  trunk,  ulthough  the 
other  segments  of  the  extremity  are  wanting.  The  bunian  hand  is  not 
to  be  distinguishetl  by  its  size,  being  exceeded  in  this  particular  by  that 
of  the  monkey  and  of  some  other  animals;  nor  by  the  number  of 
its  bones;  but  by  the  relative  proportions  of  its  several  components, 
and  by  the  variety  and  nicety  of  movement  wliich  they  enjoy.  In 
Qaadrumana,  for  instance,  the  metacar|jal  bones  and  phalanges  are  mncli 
larger  and  longer  in  proportion  to  the  carpii«  than  in  man,  which  gives 
a  great  extent  and  strength  of  grasp  to  those  animals;  but  the  move- 
ments of  the  fingers  are  le^ss  delicate  and  exact,  and  the  hand  is, 
therefore,  less  adapted  to  fidfil  the  office  of  ministering  to  an  intelligent 
will  than  it  is  in  maiL 

The  chief  distingid idling  featiu'es  of  the  human  hand  are, 
however,  to  be  found  in  the  tikunih.  It,  at  once  powerfid  and 
capable  of  great  variety  of  movementj  stands  out  from  the  palm  so  as 
to  increase  greatly  the  width  of  the  hand;  and  it  is  so  constructed  that 
it  can  be  brought  in  opposition  to  each  of  the  fingers  with  the  greatest 
facility.  When  the  Imnd  is  opened  the  fingenj  and  thumb  ail  diverge 
from  one  another,  and  cover  a  large  area.  When  the  hand  is  being  shut 
they  all  converge  together ;  the  fingers  are  first  bent  a  little,  and  their 
tips  are  brought  to  a  level  with  that  of  the  thumb,  so  as  to  enclose  a  cup- 
shaped  cavity,  in  which  objects  may  be  safely  held;  and  then,  by  a  slight 
effort,  the  pulps  of  the  four  fingers  may  be  made  to  converge  upon  the 
thtimb,  or  the  latter  may  be  opi>osed  to  each  sejiamtely.  As  the 
fingers  are  fuHher  bent  they  are  folded  down  nearly  in  the  planes  of 
their  respective  metacarpal  bones,  and  the  thumb  is  folded  beneath 
tliem,  or  is  laid  upon  them  so  as  to  strcDgthen  their  grasp.  Thus  the 
thumb,  by  its  relation  to  tlie  palmar  surfaces  of  the  fingers,  acts  as  on 
antagonist  when  we  grasp  a  body  ^"itli  the  whole  hand ;  and,  by  its  rela- 
tion to  their  dorsal  aspects,  it  assists  them,  and  gives  increased  security 
to  the  clenched  fist 
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fonna  a  centre,  from  which  all  the  other  bones  of  the  hand  radiate, 
and  upon  which  they  all,  directly  or  indirectly,  rest,  so  that  they 
are  carried  together  with  it  in  the  pronation  and  supination  of  the 
fore-ann,  and  in  tlie  movements  of  the  hand  npon  the  fore-arm, 
Tiie  eight  bones  which  compose  the  carjjus  are  formed  of  cloae 
cancellous  tissue  surroimded  by  a  layer  of  compact  bone,  are 
jointed  to  one  another  by  a  considerable  extent  of  surface,  and  are 
Oraatifcmiirth  i^^^^i^^d  by  verj'  stout  ligaments;  hence  the  wrist  is  as 
of  Hiewriit.  strong  as  if  it  had  been  constructed  of  one  solid  piece 
of  bone;  while  the  slight  gliding  movements  which  take  place 
between  the  several  bones  give  to  it  an  elasticity  which  serves 
to  break  the  jars  that  result  from  falls  and  blows  upon  the  hand. 
Moreover,  the  several  bones  are  joined  to  one  another  by  a  large 
extent  of  surface ;  but  each  one  is  united  to  three  or  more  others ; 
and  their  surfaces  are  so  variously  mouldedj  and  obliquely  arranged 
T^ith  regard  to  each  other,  that  forces  received  by  one  arc  broken 
and  dispersed  among  the  others,  and  are  so  resolved  that,  unless 
they  be  of  a  very  severe  crushing  nature,  they  fail  to  produce 
any  injury  at  the  wrist.  Were  it  not  for  these  provisions  fractures 
of  the  radius  would  be  far  more  common  than  they  now  are. 
Indeed  it  would  have  been  necessaTy  that  the  whole  extremity 
should  have  been  more  stoutly  and  heavily  constructed  to  posses^ 
its  present  amount  of  strength. 

omTtxdoisa  Tl^<^  bones  arc  so  arranged  that  the  carpus  presents 

"J^J^J*!^^  a  dorsal,  comparatively  even,  convex  surface  upon  which 
of  carima.  f}^^  exteusor  teudous  play,  and  a  palmar  concave  surface 
on  which  the  flexor  tendons  lie.  The  latter  surface  is  surmounted 
on  either  side  by  two  marked  projections — the  process  of  the  unci- 
form bone  and  the  pisiform  bone  on  the  ulnar  side,  and  the  edges 
of  the  trapezium  and  trapezoides  on  the  radial  side.  The  pro- 
jections are  bound  together,  and  are  connected  with  those  of  the 
opposite  aide  by  s*trong  ligamentous  bands,  which  pass  across  the 
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wrist  and  form  the  anterior  palmar  arch.  These  ligaments  gird 
the  bones  in  a  powerful  manner,  protect  the  subjacent  parts,  and 
constitute  a  pulley  on  whicli  the  flexor  tendons  play.  In  the 
centre  of  the  concavity  of  the  carpus  is  a  slight  prominence, 
fomicd  by  the  os  magnum ;  ligament.^  converge  to  this  from  the 
various  surrounding  bones,  strengthening  still  fnrtlier  the  palmar 
arcli,  and  giving  an  evenness  to  that  surface  which,  in  the  diied 
atate,  se^ms  very  unfavourable  to  the  play  of  tendons, 
uund  and  carpus  Thc  Pisijbrm  houE  scarcely  enters  into  the  compo- 
raiddk  anrtwo  sition  of  the  cari^us.  It  is  rather  to  be  regarded  as 
lAteniputi.  ^  scaamoid  bone,  or  as  a  process  for  the  attaclunent 
of  tendons  and  ligaments  i.  The  other  three  bones  of  the  upper 
row— the  Scaphoid^  Semilunar  and  Cuneifonn — present  together  a 
•convex  surface  which  is  received  into  the  concavity  formed  by 
tlie  radius  and  the  triangular  ligaments  The  Semilunar^  or 
middle  bone  of  the  three,  bears  the  0^  magnurn^  which,  in  turn, 
carries  the  metacarpal  bone  of  the  middle  or  longest  and  largest 
iinger.  In  consequence  of  this  fiuger  projecting  beyond  the 
others,  and  of  its  knuckle  being  also  more  prominent  tlian 
any  of  the  other  knuckles,  its  metacarpal  bone  has  to  bear  the 
severest  blows  and  pressm-e.  It  is  accordingly  thicker  than 
the  other  metacarpals;  and  forces  are  transmitted  from  it  to  the 
OS  magnum,  which  is  the  largest  and  most  centi-al  bone  of  the 
wrist,  and  which  terminates  in  a  ball  fitted  into  the  concavity  of 
the  semilunar  and  scaphoid  bones  (PI.  XXXIII.  fig.  1),  The 
forces  transmitted  through  the  os  magnum  are  chiefly  received  by 
the  semihmar  bone,  and  by  it  again  are  transmitted  to  the  inner, 
or  most  strongly  supported,  division  of  the  articular  surface  of  the 
radius, 

Tlie  Scaphoid  carries  two  bones  of  the  second  row,  viz.  tlie 
Trapezium  and  Trapezoides,  and,  witli  them,  the  thumb  and  fore- 
finger. The  Cuneifonn  bone,  in  like  manner,  carries  the  Unciform^ 
which  is  equivalent  to  two  bones,  being  sometimes  developed  from 
two  nuclei  in  man,  and  consisting  permanently  of  two  bones  in 
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turtles  and  some  other  reptiles;  and  the  unciform  carries  the  two 
smaller  fingers. 

„    ,     .  Thus  the  hand  and  carpus  may  be  described  to  con- 

poi  In  three  sist  of  three  divisions;  a  middle  and  two  lateral.  The 
middle  division,  whicli  is  the  most  essential  element, 
is  composed  of  the  middle,  or  large,  finger,  with  the  oa  magnum 
and  semilunar  bones,  which  are  carried  upon  the  ulnar  side  of 
the  radius.  The  outer  division  consists  of  the  thumb  and  index 
fingers,  with  the  trapezium  and  trapezoides,  all  carried  upon  the 
scaphoid  bone,  wlxich  rests  upon  the  styloid  portion  of  the  articular 
surface  of  the  radius.  The  ini^r  division^  consisting  of  the  two 
lesser  fingers,  is  carried,  by  the  unciform  and  cuneilbrm  bones, 
UjX)n  tlie  articular  facet  of  the  ulna,  through  the  inter^'ention  of 
tlie  triangular  fibro-cartilaghious  ligament.  Tlic  distribution  of 
the  neri'c^  into  median,  radial,  and  ulnar  branches,  corresponds 
generally,  though  not  by  any  means  exactly,  with  this  tripartite 
division  of  the  hand.  The  arrangement  of  the  tnterossmns  mnscles 
also  accords  w^ith  it;  those  on  the  palmar  aspect  being  adductors  to, 
and  those  on  the  dorsal  aspect  being  all  abductors  firom,  a  line  ilrawn 
tlirough  the  middle  finger;  and,  associated  with  the  arrangement 
of  these  mnscles,  is  the  manner  in  which,  during  flexion,  all  the 
otlier  fingers  and  the  thumb  are  approximated  towards  the  line  of 
tlie  middle  finger,  and  in  which,  dui^mg  extension,  they  aU  diverge 
from  it. 


The  radiii%  as  just  said,  carries  the  two  outer  divisions  of  the  hand, 
through  the  medium  of  the  scaphoid  and  seniilnnar  bones;  and  the  nlna 
carries  the  inner  divisioii  through  the  medium  of  the  cuneiform  hone. 
This  diapoaitiou  prevails  generally  throughout  the  animal  kingdom;  and 
some  curious  modifications  in  the  arrangement  of  the  bones  are  injsti- 
tntotl,  here  and  there,  as  it  were,  for  the  purpose  of  maintaining  it, 

I  speak  of  the  middle  division  of  the  hand  as  the  most 
division  roost  essential  of  the  three,  not  only  because  it  has  the  lai^gest 
"*^*°*  ^  finger,  and  because  each  of  its  cfirpiU  and  metacarpal  por- 
tions is  the  key-stoue  of  the  tnmsverBe  arch  of  which  it 
forms  a  part — thus,  the  semilunar  bone  may  be  called  the  key-stone  of 
the  first  row  or  arch,  the  magnum  of  the  second,  and  the  head  of  the 
metacarpal  Ijone  of  the  third — but  also  because  it  is  the  most  constant 
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in  tlie  atainial  aeries.  Gradually,  in  the  various  mammalian  claaeea, 
we  tiiid  tbe  other  digits  dimppenr,  first  the  thumb,  then  the  others^ 
leaving  tins  one  alone.  In  Quadrumana  and  in  the  elephant,  as  in 
man,  thej  are  all  five  present;  though,  in  the  elephant,  the  thumb  haa 
lost  a  bone  and  consists^  of  two  jihalanges  instead  of  three.  In  the  hip- 
popotamus the  tiiumb  is  wfinting.  In  the  rhinoceros  the  little  finger  has 
likewise  disappeiired,  leaving  only  three  digits.  In  Ruminants  the 
index  and  the  miildle  digit  remain ;  and  in  SoUpeda  the  middle  finger  is 
left  alone,  or  T\dth  only  rudimentary  traces  of  the  othei's,  which  do  not 
reach  the  ground. 

It  lias  been  remarked  before  (p.  380)  that  the  fiize  of  the 
rvdloflupoti  ulna  is  very  variable  in  the  animal  aenes^  being  uifliienced 
which  It  rwu  ^^  ^^^  number  of  the  digits;  that  in  the  elephant  it  in 
large,  lai'ger  even  tlmn  the  radius;  that  in  the  rliinooeroa  it  is  smaller; 
and  that  in  Ruminanta  and  Solipeds  it  is  reduced  almost  to  the  ole- 
cranon portion.  The  radius,  on  the  other  hand,  winch  is  the  supporter 
of  the  middle  more  consttmt  divLsion  of  the  hand,  is  always  large,  and 
increases  in  size  as  that  division  acquires  a  greater  prominence  over  th© 
otheFBL 

The  first  row  of  carpal  bones  presents  a  wavy,  alter- 
two^TT^"*'  nately  convex  and  concave,  .surface,  for  the  reception  of 
ZJht™  the  second  row  (PI  XXXIIL  fig.  1),  Thus  the  outer 
or  radial  part,  formed  by  the  outer  half  of  the  scaphoid 
bone,  is  convex,  and  carries  the  trapezium  and  trapezoides.  Then 
conies  a  large  concavity  or  socket,  formed  by  tlie  inner  half  of  the 
scaphoid  with  the  Bcmilimar  and  the  outer  part  of  the  caneifonny 
in  which  are  received  the  head  of  the  os  magnum  and  part  of  the 
unciform.  Lastly,  the  innermost  part  of  the  cuneiform  is  slightly 
convex^  and  is  fitted  into  a  corresponding  shallow  cavity  in  the 
unciform.  By  this  means  the  security  of  the  joint  between  the  two 
rows  is  provided  for,  and  rendered  compatible  with  a  certain  amount 
of  movemeot. 
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iff*«i>«p^i  ^^^^  Metacarpal  hones  resemble  otlier  long  bones,  ex- 

*om"q'  cept  thatj  like  the  clavicle,  each  has  only  one  epiphyaia, 

which  IS  situated  at  its  distal  end.  Tlie  nutrifioiis 
artery  is  directed  towartis  the  other  or  car|>al  end  j  it  may  com- 
monly he  found  near  the  middle  of  the  shaft,  a  little  on  one  side  of 
the  puhnar  edge.  The  upper  extremities  of  the  metacaqial  bones  are 
large  and  set  closely  together.  In  the  case  of  the  index  and  middle 
fingers  they  are  square,  and  are  fixed  so  firmly  to  the  carpus  as  to 
permit  scarcely  any  movement.  In  the  case  of  the  ring  and  little 
fingers  they  are  convex  from  before  backwards,  and  are  so  adapted 

to  the  corresponding  concave  facets  of  the  uncifonii 
HHfwTtmtnr-  bone  that  a  slight  hinge-like  movement,  upon  a  ti'ans- 
^I^J**  verse  or  oblique  axis,  is  [>ermitted ;  this  shape  is  most 

marked  in  the  case  of  the  little  finger.  It  enables  the 
distal  extremities  of  the  metacaqial  bones  of  these  two  fingers  to 
be  moved  a  little  forwards,  and  towards  the  thumb,  or  in  an  opposite 
direction ;  thus  increasing  or  diminishing  the  depth  of  the  cup  of 
the  band,  as  occasion  may  ref[uire,  and  permitting  a  movement 
lite  that  which  takes  place  between  the  thumb  and  the  trai^ezium. 

The  metacarpal  bones  are  so  placed  upon  the  wrist 
^unoltio*  ^^  *^  ^*^^^^  ^  transverse  arch,  which  is  continuous  witli 
of  the  carpal      ^1^^^^  ^f  ^j^jj  carpus,  and  which,  as  just  stated,  can  be 

increased  or  diminished  by  the  movement  of  the  two 
smaller  metacarpal  bones  upon  the  unciform,  and  still  more  by 
the  movement  of  the  thumb  upon  the  trapezium  L  Each  bone  is 
concave  upon  the  palmar  and  convex  upon  the  dorsal  aspect ;  and 
each  is  strengthened  by  ridges,  of  which  one,  on  the  palmar  surface, 


'It  n^fsultB  ptartly  &om  thia  disposition  of  th«  metacarpal  booea  in  a  curve,  tlmt 
when  the  finjjerB  are  bent  they  converge  together,  and  that  they  diverge  during  exten- 
sion. Tfie  divergence  in  extension  takes  place,  although  the  extensor  tendons,  which 
elTect  the  movetnent,  radiate,  like  the  flexor  tendons,  from  one  central  point  beneath 
the  annuliur  ligament  at  the  wristj  and  havoj  therefore^  a  tendency  to  draw  the  fingiera 
iogeibf?. 
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passes  between  the  two  extremitieSj  in  the  arc  of  the  cnrve ;  and 
two^  on  the  dorsum,  converge  from  the  tuhercle,  on  either  side  of 
the  distal  end,  towards  the  middle  of  the  shaft.  The  interosseous 
mnscles  are  attached  to  the  lateral  surfaces  which  are  bounded  by 
these  ridges. 

Th    dwi  "^^^  metacarpal  bones  of  the  fingers  diverge  from 

»i»»y  from  the  one  another  and  slant  a  little  away  from  the  thumb,  as 
diTOTjeRtMn  they  descend  from  the  carpus;  this  increai=5es  the  width 
of  the  hand  and  the  extent  of  grasp  between  the  fingers 
and  the  thumb,  and  directs  towards  the  radius  forces  which  may 
be  received  at  any  part  of  the  hand, 
_  The  distal  extremities  of  the  metacarpal  bones  are 

TaelrlAtiee  .  , 

bMdiBflbni  of  large  size  to  give  strength  and  freedom  of  play  to 
the  joints  with  the  fingers.  The  articular  siurfaces 
upon  tliem  are  convex  and  prolonged  forwards  into  knob-like  pro- 
minences on  either  side  (PL  XXXI V.  X,  A'),  to  which  are  attached 
strong  ligaments  binding  tlie  metacarpal  bones  together  and  hold- 
ing down  the  aesamoideal  fibro-cartilages.  These  prominences  are 
most  marked  on  the  radial  side  of  the  index  and  on  the  ulnar  side 
of  the  5th  metacarpal ;  between  them,  in  each  bone,  is  a  small  de- 
pression ( Y)  occupied  by  fat ;  and  at  the  bottom  of  the  depression 
are  foramina  for  the  passage  of  vessels  into  the  head  of  the  bone* 
The  heads  of  the  metacarpal  bones  are  sufficiently  near  together  to 
afford  support  to  each  other,  and  to  resist  tJie  tendency  of  the  flexor 
and  extensor  muscles  to  draw  them  together.  They  are  also  united 
together  by  transverse  ligaments  which  prevent  undue  sepju-ation 
of  the  fingers,  llence  the  whole  hand  is  weakened  and  the  power 
of  flexing  and  extending  the  fingers  is  considerably  diminished, 
if  one  of  them  be  i-emoved. 

Point  of  sftiection  Thia  18  a  matter  of  practi<Kil  importance,  inasmuch  as  it 
tn  ftmputAtioo.  bears  upon  the  point  to  be  selecti^'d  when  amputation  of  a 
finger  is  rec^uired.  The  ojjertition  is  most  frequently  needtnl  for  the 
middle  finger;  and  if  any  portion  of  the  fkjxgfs^x  be  left,  as  a  stump,  it  is 
commonly  foimd  to  be  in  the  way.  It  is,  therefore,  the  be«t  practice  to 
take  away  the  whole  finger,  when  it  is  necessaiy  to  remove  a  part.  But 
it  is  a  question  whether  the  head  of  the  metacarpal  bone  also  should  be 
taken,  or  whether  it  should  be  left.     If  it  be  left  it  furms  ;i  [irojection 
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which  is  rathei'  unaiglitly,  tbrowing  the  cicatrix  into  prominence,  per- 
haps retarding  the  sound  healing  of  the  wound,  or  rendering  it  liable  to 
be  reopened  by  injury.  If  it  be  removed,  a  certain  amount  of  supix>iii 
to  the  other  fingers  is  saciificed,  in  Cjonsequence  of  wliieh  they  incEne  too 
much  towards  one  another  and  lose  strength.  Botli  these  evib  are 
avoided  by  an  intermediate  procedure,  that  is,  by  removing  the  distal 
half  of  the  hejwl  of  the  lx>ne,  which  would  cinise  the  cicatrix  to  project, 
and  leading  the  proximal  half  by  which  the  neighbouring  liones  are 
6upporte<L  For  some  years  I  have  adopted  this  plan,  and  find  it  to 
answer  exceedingly  well. 


Shape  of  the 

bOD«i»aiid 

dlfl^itinoMbc 


The  metacarpal  bones  are  thinnest  and  most  liable 
to  be  broken  just  above  the  middle,  the  interspaces  be- 
tween them  are  widest  at  tliat  part,  and  the  bellies  of 
the  interosseous  muscles  arc  placed  there*  The  several 
bones  are  easily  distinguished  from  one  another  by  differences  in 
their  size,  and  by  the  shape  of  their  proximal  extremities.  That  of 
the  index  finger  presents  a  concave,  or  broadly  notched,  surface  to 
receive  the  convex  trapezoides.  That  of  the  2nd  finger  is  flat 
where  it  rests  upon  the  os  magnum  •  and  it  has  a  marked  tooth-like 
process  which  is  received  into  a  depression  between  the  majs^rmm 
and  the  trapczoides.  The  tendon  of  the  extensor  carpi  radialis  Ion- 
gior  (PI.  XXXIIT.  fig*  2,  P)  runs  over  this  process  to  be  inserted 
into  a  depression  just  below  it,  and  is  thrown  up  by  it  so  as  to  be 
thereby  distanced  a  little  from  the  centre  of  motion.  The  surfaces 
of  the  4th  and  5th  metacarpal  bones,  which  rest  upon  the  uncifonn, 
are,  as  before  said,  convex ;  and  that  of  the  4th  presents  facets  for 
articulation  with  its  neighbours. 


THE    PHALANGES 

form  continuations  of  the  lines  of  the  metacarpal  bones ;  but  they 
are  jointed  with  the  latter  in  such  a  manner  that  they  may  lie 
moved  more  readily  and  to  a  greater  extent  towards  the  ulnar 
side,  than  towards  the  radial  side.  This,  like  the  slanting  of  the 
metacarpal  bones  in  the  same  direction  {p,  392),  is  for  the  purpose 
of  increasing  the  width  of  grasp  between  the  fingers  and  the 
thumb. 
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Tlie  phalanges  differ  from  tlie  metacarpal  bones  in  their  foim, 
in  haying  tlie  epipliyscs  at  their  proximal  ends,  and  in  ha\4ng 
the  chief  nutritious  arteries,  which  are  foood  a  little  below  the 
middle  of  the  palmar  surtace,  directed  towards  their  distal  endi?. 
The  narrowest  part  of  each,  where  ossification  commenced,  is  at  or 
near  tlie  entrance  of  the  nutritious  artery.  They  are  convex  poste- 
teriorly,  where  they  are  covered  by  the  flat  extensor  tendons,  and 
concave  on  the  palmar  surface,  where  tliey  lodge  the  thick  rope- 
like flexor  tendons.  The  latter  surface  is  bounded,  on  either  side, 
by  a  rough  ridge  for  the  attachment  of  the  strong  sheatha  of 
the  flexor  tendons ;  and  the  two  extremities  of  each  phalanx  are 
rendered  prominent  on  the  same  surface,  for  the  purpose  of  throw- 
ing forward  and  giving  some  leverage  to  the  flexor  tendons. 

Each  terminal    phalanx  presents  an   uneven   emi- 

PecullAfltiufl  *^  ,  . 

of  terminal  ncuce,  Dcar  the  proximal  end  of  its  palmar  surface,  for 
tlie  attachment  of  the  tendon  of  the  jlex&r  profundus^ 
and  another  more  marked  uneven  eminence  near  its  terminal  ex- 
tremity. From  the  latter  radiate  hnndlm  of  Jihrous  tismWj  which 
traverse  the  fat  and  fibro-ccUular  tissue  composing  the  pulp  of  the 
finger,  and  being  implanted  into  the  tough  deeper  layers  of  tlie  cutis, 
serve  to  maintain  the  connection  between  the  skin  and  the  bone. 
From  the  hinder  surface  of  the  piialanx  fibres  pass  backwards  and 
upwards  to^^ards  the  matrix  of  the  naiP, 


UiklitUfy  to 
necmcLL 


The  close  connection  of  the  ]>hakiigea,  particulai4y  of 
the  termiiiiil  phalanges,  with  tlie  fibro-celluiar  tissue  imd 
with  the  skin  of  the  fingers,  is  the  reaaon  that  inflammation  spreads  to 
them  m  easily  when  the  superficial  stnictiirea  are  afibcted,  and  that  they 
are  liable  to  necrosis.  Hence  whitlow  is  oflen  attended  with  tlie  loss  of 
one  or  more  of  the  phalanges.  It  should  he  borne  in  mind  that  the 
destruction  is  sometimes  confined  to  the  thick  extremity  of  the  ter- 
minal phalanx;  and  that  sufficient  of  the  bone  may  remain,  after  the 
removal  of  this  decayed  piece,  to  HUp^>ort  tlie  nail  and  to  pi^eserve  a 
usefnl  joint  to  the  finger. 


^  Sea   represeTitatiou   of  Bimilar  duipofiiiioii  of  Btructurea  iti  sectioD  of  termin*! 
haJanx  of  gre»t  toe.     (PI.  LVIII,) 
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EKpAudaaof  The  expansion  of  the  ends  of  tlie  tarminal   jihaJanges 

tkjapmilburto    **^^'*^  ^^^^  puqDOse  of  Slip] Kilting  the  pulp  of  the  fingers,  as 
"o*"*-  well  as  the  nail,  and  so  ininiaters  to  the  sense  of  touch ;  it  is 

almost  peculiar  to  man.  A  simUiir  conformation  la  obseri^ahle  in  the 
corresponding  hone — the  coffin-bone — ^jf  the  horse's  foot,  wMch  is  ex- 
panded to  give  a  wider  base  of  support,  and  to  carry  the  sensitive  frog. 
In  some  animals,  as  the  turtle,  the  ungual  phalanges  are  of  great  size 
and  length  in  projMirtion  to  the  other  bones.  In  the  feline  tnbe  they 
are  retracted  upon  the  sidea  or  back  of  the  2nd  phalanges,  and  ai*e  held 
in  this  position  by  elastic  ligaments,  except  when  they  are  thrown  for- 
ward by  the  flexor  muscles  for  the  purpose  of  seizing  some  object. 
Botjeii  of  the  "^^^^  thvtmb  consijsts  of  three  bones,  instead  of  four  like  the 

thmnb consfat    gther  Angel's;  and  it  has  always  been  a  question  whether 

CtfAinetwajpal 

boDe«ndtwo     all  three  are  to  he  regarded  as  pliahinges,  or  whether  that 
**^^***"         forming  the  proximal  segment  Ls  a  metacai-pal  bone, 


In 


favour  of  the  former  view  it  may  be  m-ged  that  the  proximal  bone,  in  its 
deveJopment  and  geneiul  shape,  and  in  the  direction  of  its  nutritious  artery, 
corresponds  ^vith  the  phalanges'.  In  favour  of  the  latter  %iew  sevei^al 
reaaona  may  he  given.  Firsts  tlie  proximal  bono  rests  upon  the  caqjus ; 
being  set  upon  the  trapezium  and  forming  with  it  a  joint,  not  unlike 
that  of  the  smallest  metacaq>td  htme  with  tlie  unciform,  though  admit- 
ting of  greater  vaiiety  and  freedom  of  movement.  Seaytull^,  the  lower 
end  of  the  proximal  bone  ia  convex  like  those  of  the  other  meta- 
carpal bones,  instead  of  being  concavo-convex,  or  trocldearifoi-m,  like 
those  of  the  phalanges;  and  its  articular  surface  is  prolonged  upon  the 
palmai'  aspect  by  means  of  tubercidar  proces-ses,  with  a  depression  between 
them  occupied  by  fat,  and  by  vessels  passing  into  the  hejid  of  the  bone, 
just  as  in  the  case  of  the  other  metacar[)als.  Thirdlt/^  the  seccmd  bone 
Ls,  at  its  base,  shaped  uiore  like  a  first  phalanx  than  a  second  phalanx; 
it  has  ttoo  sesamoid  hmies  ap|>ended  to  it^  instead  of  cne  sesamoid  bodi/; 
it  receives  the  tendons  of  the  short  flexor,  the  abductor  and  the  adtluctor 
muscles,  not  the  tendon  of  a  long  Hexor,  It  is  cAddent,  in  short,  tliat 
the  first  bone  is  neither  truly  a  metacarpal  bone  nor  a  [>halanx,  but  is 
intermediate  between  the  two.     Taking  all  things  into  consideration, 


^  In  the  ^m  of  Fiflliea  (with  the  oiception  of  the  polyptcnis)  the  metacarpals  are 
oonaiciered  to  bo  wanting ;  the  rays,  which  &re  BupjKised  to  correJipond  with  the  fingvrs^ 
though  they  far  exceed  tbem  in  numbtir,  b^lng  sustained  itiimediately  by  the  c&ipil 
bouc$.     Van  dtT  Hoeyen  »  Handbook^  ii.  17. 
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it  it*  perliaps  most  coiTect,  as  it  is  certainly  most  convenient  for  descrip- 
tion, to  contume  to  call  it  a  metacarpal  bone,  and  to  consider  that  the 
second  phiUanx,  with  its  flexor  perfomtua  tt^ndon,  is  the  digitiU  segment 
which  is  missing  in  the  thumli*. 

BovetopowBt  '^^^  carpal  bones  are  modelled  in  cartilage  by  the 

ofcKrpftitwnoa*  Q^i  month,  80  that  their  shape  can  be  distinguished- 
Ossification  is  late,  not  beginning  in  the  Magnum  till  near  the  end 
of  the  1st  year.  It  soon  follows  in  the  Unciform^  wliJeh  is  said,  by 
Cloquet  and  some  other  anatomists,  to  have  two  centres  corre- 
sponding with  the  two  separate  bones  in  reptiles,  of  which  it  is  the 
representative.  It  begins  in  the  cuneiform^  at  about  the  3rd  year; 
in  the  trapezium  and  semilunar  at  about  the  5th ;  in  the  scaphoid, 
near  its  inner  part,  where  it  does  not  rest  upon  the  radios,  at  about 
the  6th ;  in  the  trapezoid  at  about  the  8th ;  and  in  the  pisiform, 
which  is  the  latest  in  the  body,  at  about  the  12th  or  14th  year, 
of  meUcaipAi  ^^  ^^^  metacarpal  bones  the  ossiliciition  of  the  shafts 

bones.  commcnces  soon  after  that  in  the  bones  of  the  fore-arm, 

that  is,  at  the  end  of  the  2nd,  or  in  the  early  part  of  the  3rd, 
month.  Each  upper  end  is  developed  from  the  same  nucleus  as  tlie 
shaft ;  the  epiphysis  at  the  lower  end  begins  to  ossify  in  the  3rd 
year,  and  is  united  with  the  shaft  at  about  the  20th  ^^ear. 

The  ossification  of  the  phalanf2:e3  takes  place  firom 

or  pbiUAngat  I.  o  I 

nuclei,  for  the  shafts  and  lower  ends,  which  appear  in 
tlie  first  row  soon  after  the  con*espondxng  nuclei  in  the  metacarpal 


^  ThiB  Tiewdetivea  confirmaiion  from  comparative  anatomy,  Inasmuch  aa  the  niunber 
of  ph&langeB  U  subject  to  9om6  Tariety  in  the  lower  anittials  \  thus  the  third  and  fourth 
fingors  of  some  eaurian  reptiles  hav©  four  or  five  plialangea  each»  wherea«  the  iingcni 
.iTid  toes  of  the  land  tortoises  have  only  two  each,  the  two  distal  hones  lieing  apparently 
fased  into  the  one  large  hooked  ungual  phalanx.  Moreover,  we  occasionally  find 
children  born  with  two  ]>!ialanges  in  each  of  the  fingers  and  toes,  inatoad  of  three. 
I  have  just  dissected  an  instance,  in  -which  only  the  projcimal  and  ungual  pliabinges 
of  each  of  the  four  outer  toes  were  present;  and  in  the  pollex  there  waa  only  the 
ungual  phalanxj  which  rested  upon  the  metatarsal  bone*  In  the  hand  there  was  a 
similar  deficiency  in  the  fingers ;  and  the  ungual  phalanges  were  all  fused  together 
into  one  hone,  which  was  covered  by  a  broad  plate  of  nail.  In  the  thumb  a  diminutive 
first  phalanx  yfz»  placed  at  the  side  of  the  joint  of  the  ungual  phalanx  with  the  meta- 
carpal bone. 

^  The  znagnmn  and  ouneiform  are  the  only  carpal  bones  in  which  OBtification  ham 
taken  place  in  the  Sicilian  dwarf,  set.  to  years,  in  the  College  of  Surgeon«* 
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nee.  The  cpipliyses  for  the  upper  ends  Legiii  to  ossify  in  the 
"ml  of  the  3rd  year,  and  are  united  to  the  shales  about  the  20th 
year.     The  osaiiication  of  the  2nd  and  3rd  rows  is  somewhat  later. 

The  hand  of  the  Quadi'umanous  animal  differs  from  tliafc 
QoAdnmuuunui  of  man^  ^^t,  and  especially,  in  the  shortness  and  weakness 

*"  of  the  thuiob,  which  biirely  reaches  to  the  level  of  the  head 

of  the  metaearpfil  bone  of  the  foretinger ;  the  little  linger  is  alao  compara- 
tively small ;  the  wriat-lwnea,  though  more  numerous,  owing  to  the  pre- 
sence of  an  additional  hone  between  the  scaphoid  and  trapezoid^  as  weD  as 
of  two  sesamoid  bones  in  fi-ont  of  the  scai>hoid,  are  smaller,  pai"ticularly 
the  trapezimn  and  trapezoides;  the  metacarpal  bones  and  phalanges,  with 
the  exception  of  those  of  the  thumb,  are  longer;  and  the  1st  phalanges  are 
as  long  as  the  2nd  and  3rd  put  together  ^:  hence  the  hand  is  longer  and 
Btraighter  in  propoHion  to  its  breadth,  and  is  more  adapted  for  clinging 
and  climbing  than  for  the  variety  of  accurate  movements  and  nume- 
rous purposes  to  which  the  human  hand  is  fitted  by  the  nice  adaptation 
of  its  several  parts  to  one  another.  The  components  of  the  ape* a  hand 
are  constructed  with  refei'once  to  extenial  objects;  those  of  the  human 
hand  with  more  reference  to  one  another,  as  is  exemplified  by  the  manner 
in  wlucli  the  fingers  and  the  thumb  can  be  brought  together*. 
LiilkLUiy  to  car-  A  remarkable  feature  in  the  pathology  of  the  hand  is 
JUJ^^^^^"  the  liability  of  the  phalanges  and  metacarpal  bones  to  the 
tt""-  formation  of  cartilage  tuimmrs,  which  pervade  their  interior 


^  Bg,  Monoffraphie  der  Sdintnn^lent  ZwHte  AhMhnittj  Prag.  1814,  a.  6* 
"  Mookdf  HoTidbuch  d«r  Artalo^mkt  K  770,  a&yu  that  a  gtb  bone  is  Bometitnefl 
found  in  man,  between  the  tmpezoid  and  magnum,  correaponding  to  one  id  the  ajH?. 
Tbe  pih  bone  in  that  tyiimal  iSj  however^  usimlly  between  the  scaphoid  and  trapezoid. 
Ilg  deflcribea  two  sesamoid  Itonea,  in  addition,  in  the  ape's  wriat ;  one  on  tho  radial 
side,  between  the  scaphoid  and  trapezium^  oonneeted  witli  tbe  lateral  ligament  and  the 
abdnctor  polhcifl;  atwl  this  other  in  tbe  anterior  UgameDt  of  tlie  wrist  in  front  of  the 
upper  part  of  the  scaphoid  bone.  In  a  caae  of  congenita]  dislocation  of  the  wriat 
described  by  Mr  K.  W.  Smith,  Treadue  on  FrtKttires  and  DUkccdionSt  Dublin,  1847, 
p.  1^2^  the  aemilimar  bone  confflBted  of  two  perfectly  distinct  portions^  an  anterior  and 
a  poaterior.  This  author  relates  three  other  caaes  of  congenital  dialocation  of  the  wrist, 
in  which  the  bon^  of  the  fore^^arm  were  short  and  defective  at  the  lower  end,  and 
presented  an  articulating  facet  for  the  carpus  upon  thtj  anterior  or  posterior  aurface ; 
tlie  carpal  bonea  of  the  front  row  were  either  defective  or  small  and  misshapen  in 
each.  In  the  skeleton  of  a  negro  in  the  Jardin  doa  Plantes,  there  are  only  three  bones 
in  the  first  row  of  the  carpus,  the  aemilnnar  and  cuneiform  being  united  on  both  sides. 
Jourdaa^  Eneyd,  Anai,  n.  i},^. 
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as  well  as  grow  upon  their  outsides.  These  affect  the  metacarpal  bones 
and  all  the  phalanges;  the  terminal  phalanges  and  those  of  the  thumb 
less  often  than  the  others.  Their  frequent  occurrence  in  this  part  of 
the  skeleton  must  be  the  result  of  some  peculiarity  in  it,  though  it  is 
not  clear  wherein  that  peculiarity  consists.  The  several  joints  of  the 
hand  and  wrist  are  often  the  seat  of  chronic  rheunuUism,  and  become 
in  various  ways  nodulated,  distorted  and  fixed,  or  ankylosed  thereby. 
The  predisposition  to  this  malady  is  probably  induced  in  them  partly  by 
the  exposure  of  the  hand  to  cold;  but  must  be  partly  also  owing  to 
some  peculiarity  in  the  construction  of  the  joints.  In  the  distortion 
which  often  follows,  the  fingers  are  generally  bent  upon  the  metacar- 
pus, and  slanted  away  from  the  thumb;  the  first  phalangeal  joint  is 
commonly  kept  extended,  sometimes  pretematurally  so,  and  the  second 
joint  is  flexed;  the  terminal  phalanx  is,  in  addition  to  being  flexed, 
often  inclined  to  one  sida 
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STEBNOCLAVICULAK  JOINT.    (Plates  XXIII,,  XXVIH.) 


If  we  compare  the  corresponding  articular  surfaces 
fm^otHd^pt^  of  the  stemnm  and  of  the  clavicle,  we  find  that  they 
J^****  present  no  appearance  of  adaptation  to  one  another ;  and 
we  shouhl  never  imagine  that  they  were  intended  to  be 
jointed  together  and  to  play  the  one  upon  the  other.  Nor,  indeed, 
strictly  speaking,  are  they  directly  united ;  for  they  do  not  at  any 
part  touch  one  another,  but  are  entirely  separated  by  the  interar- 
ticular  ligament.  The  facet  upon  the  upper  edge  of  the  manu- 
brium^  on  either  aide,  is  saddle-shaped,  convex  from  before  back- 
wards, and  a  little  concave  from  within  outw^ards;  its  longest 
diameter  is  in  the  latter  direction.  The  corresponding  extremity  of 
the  clavicle  is  of  considerable  thickness,  by  far  the  thickest  part  of 
the  bone.  It  is  truncated  obliquely  from  behind,  forft^ards  and  out- 
wards ;  so  that  its  posterior  edge  is  the  most  prominent,  and  its 
lower  part  is  rather  more  so' than  the  upper.  The  inner  or  articular 
surface  is  excavated  in  the  middle,  and  this  gives  a  still  greater 
prominence  to  the  hinder  edge;  it  is  uneven  in  its  whole  extent, 
except  in  a  small  area  at  the  lower  part,  where  is  a  smooth  facet 
covered  with  cartilage.  This  facet  is  slightly  concave  from  before 
backwards,  in  which  direction  is  its  greatest  diameter ;  it  is  convex 
from  above  downwards.  It  is  therefore,  in  shape,  just  the  reverse 
of  the  articular  facet  of  the  sternum. 

Tnteraructiiar  The  gTcat  bond  of  union  between  the  two  bones, 

uipimejit  which  also  forms  a  cushion  between  them,  adapting 
itself  to  both,  holding  them  together  and  presenting  an  articular 
surface  for  each  to  play  upon,  is  the  Inierarttcular  Ity&ment  or 
Ftbro-cartilaye  {PL  XXVIII.  figs.  1  and  2,  E).  It  is  broad,  thick, 
and  very  strong,  is  sometimes  a  little  thicker  at  the  middle  than  at 
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the  circumference,  but  this  varies.  Connected  below  with  the  outer 
edge  of  the  sternal  facet  and  with  the  adjacent  surface  of  the  carti- 
lage of  the  first  rib,  it  passes  obliquely  upwards  and  inwards  to 
the  fossa  on  the  middle  of  the  inner  articular  end  of  the  clavicle, 
and  is  inserted  into  it.  Its  attachment  is  broad  and  surrounds  the 
small  articular  facet  which  exists  here,  except  at  its  lower  part. 
It  is  united  to  both  the  bones  by  means  of  short  thick  tendinous 
fibres.  It  thus  bisects  tlie  joint  j  and  has  a  separate  synovial 
cavity  upon  either  surface,  one  above,  between  it  and  the  facet  on 
the  clavicle,  and  one  beneath,  between  it  and  the  facet  on  the  ster- 
num* At  the  same  time  that  it  prevents  the  clavicle  from  being 
driven  inwards  and  upwards  from  the  sternum,  it  forms  an  elastic 
cushion  between  the  bones,  which  contributes  to  bre^k  the  jarring 
eflfects  of  blows. 

The  clavicle  is  farther  bound  to  the  sternum  by 
other  strong  ligaments.  First,  the  Posterior  sterncn 
clavicular  ligaymni  (fig.  2,  K)  passes  from  an  uneven  space  behind 
and  beneath  the  stenial  facet,  upwards  to  the  projecting  posterior 
edge  of  the  inner  extremity  of  the  clavicle ;  it  Hmits  the  rolling  of 
the  clavicle  forwards  upon  the  sternum.  Secondly,  the  Anterityr 
atemo-elavicular  ligament  (fig-  1,  D)  passes,  from  the  prominent 
anterior  margm  of  the  sternal  facet,  upwards  and  forwards,  to  the 
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Fig.  I.  Front  view  of  sterDo-clavioukr  joints.  A,  J,  cut  edg«  of  muiubriam. 
Bf  first  costal  cutUage.  (7,  claviclQ.  D^  luiterior  HtomoH^Uvicalar  ligament.  E^  inler- 
ajlicular  ligament,  separatmg  the  articular  focet  on  the  sternum  (F)  from  that  on  the 
cUTicle  {Q).     II,  th«  inter-claTicular  %aiiuni.     /,  ooBto*cla¥iculnr  ligament. 

Fig.  2.  Stemo-ckvicukrjointa  viewed  &om  T)ehind.  A,  A^  B,  (7,  E,  F,  G,  M,  I, 
the  same  as  in  preceding.  K,  posterior  atento-claviaular  ligament.  A  vertical  sec- 
tion, from  side  to  side,  has  been  mode  through  the  right  joint  to  show  the  inter- 
articular  ligament  {E)  and  ita  rektiou  to  the  articular  surfhce  of  the  sternum  {F)  and 
of  the  clavicle  (G), 

Fig,  3.  Horizontal  eection  of  aoromio- clavicular  joint.  A,  the  clavicle.  B,  the 
acromion.     €,  the  ligament  in  front  is  thicker  than  D,  the  ligament  behind. 

Fig.  4.  Vertical  section  from  aide  to  aide  through  the  acromio-clavicular  joint. 
A,  thQ  clavicle,  overlaps  B,  the  acromion.  B,  the  ligament  above,  is  thicker  than  F, 
the  ligament  beneath.  The  cartiLige  on  the  extremity  of  the  chivicle,  in  thui  insCance^ 
ia  very  thick,  and  reflembles  fibro-cartilagr. 
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anterior  edge  of  the  clavicle,  and  to  a  slight  notcli  wliirli  is  often 
found  in  tliat  edge.  It  limits  the  rolling  of  the  clavicle  buck  wards 
upon  the  sternum.  Thirdly,  the  Costo-clavicular  or  Rhomboid  liga^ 
ment  (fig,  2,  /)  passes,  from  the  upper  and  fore  edge  of  the  costal 
cartilage^  obliquely  inwards,  forwards,  and  upwards,  to  the  rough 
Bpace  on  the  under  and  hinder  surface  of  the  clavicle,  near  its 
head.  It  limits  the  elevation  of  the  alioulder.  It  also  limits  the 
movement  of  the  clavicle  forwards  and  backwards,  as  well  as  up- 
wards, that  is  to  say,  it  limits  the  movements  in  nearly  every 
direction ;  and  it  resists  the  tendency  of  the  pectoral  and  other 
muscles  to  draw  the  clavicle  inwards,  and  assists  the  interarticnlar 
ligament  to  prevent  the  bone  being  driven  inwards  over  the  top  of 
the  fitenmm  by  ftills  and  blows  upon  the  shoulder.  It  is  a  strong 
ligament;  and  its  distance  from  the  joint  increases  its  efficiency. 
There  is  also  the  IrUerclavictilar  ligament  (fig,  1,  -ff)  passing  be- 
tween the  upper  edges  of  the  clavicles,  and  forming  an  inverted 
arch  over  the  upper  edge  of  the  sternum,  with  which  it  has  some 
connection. 


BtilocatSon 
nyne. 


All  these  ligaments  are  very  strong;  and  they  form  so 
effectual  a  bond  of  union  between  the  sternum  and  the 
elavide  that,  notwithstanding  the  want  of  adaptation  of  the  two  bones 
and  notwithstanding  the  severe  forces  and  strainis  to  which  the  joint  is 
subjected  by  the  action  of  aurrouuding  muscles  and  by  falls  upon  the 
shoulder,  dislocation  or  severe  injury  of  any  kind  is  of  comparatively 
rare  occurrence.  In  fa^ct,  the  joint  is  stronger  than  the  collar-bono ;  and 
the  latter,  accortlingly,  gives  way  far  more  frequently  than  the  former. 
Dislocation  does,  however,  occa^onally  take  place.  The  head  of  the 
clavicle  may  be  driven  above  the  sternum,  a  little  behind  it  or  a  little 
in  front;  the  latter  is  the  more  frequent  To  peimit  either  of  these 
displacements,  all  the  ligaments,  with  the  exception  of  the  interclavi- 
cular, must  be  torn  through.  They  were  sc^  in  a  case  of  dislocation 
forwards  which  I  had  the  opportunity  of  dissecting;  the  interarticular 
ligament  was  rent  from  its  attachment  to  the  clavicle.  All  the  bonds 
of  connection  being  thus  destroyed,  and  the  shape  of  the  bony  surfaces 
rendering  the  surgeon  no  assi stance,  it  is  very  difficult  to  maintain  the 
displaced  clavicle  in  con'ect  position;  and  various  devices  have  been 
resorted  to  for  the  purpose  of  suppoHing  the  shoulder  and  holding  down 
the  end  of  the  bone,   but  of»ne  have  been  foixnd  very  efficient. 
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The  TiiovementB,  tliough  varied,  are  of  limited 
range;  for  the  ligaments  are  all  tight,  or  nearly  so, 
in  every  position  of  the  clavicle ;  this  adds  to  the  security  of  the 
joint,  and  renders  it  less  liable  to  suffer  from  sprains.  The  move- 
ments attendant  on  elevation  ajid  depression  of  the  shoulder  take 
place  between  the  clavicle  and  the  interarticular  ligamcntj  the 
bone  rotating  upon  the  Jiganient  on  an  axis  drawn  from  before 
backwards  tlirongli  its  own  articular  facet.  When  tlie  shoulder  is 
moved  forwards  and  backwards,  the  clavicle,  with  the  interarticular 
ligament,  rolls  to  iind  fro  upon  the  articular  surtace  of  the  sternum, 
revolving,  with  a  slightly  alldiog  movement,  round  an  axis  drawn 
nearly  vertically  through  the  sternum.  In  the  circumduction  of 
the  shoulder,  which  is  compounded  of  these  two  movements,  the 
clavdcle  revolves  upon  the  interarticuhir  cartilage,  and  tlie  latter, 
with  the  clavicle,  rolls  upon  the  sternum. 

Tlie  joint  is  occasionally  the  seat  of  chronic  rheumatic 
arthiitis,  rarely  of  any  other  disease* 


Dteeawnure, 


THE  ACROMIO-CLAYICULAR  JOINT  (Plates  XXVIII.  XXIX.) 


Btnngtli  dts 
rirod  IVom 
ligimebts„ 


resembles  the  sterno-clavicular  in  the  slight  seciunty 
afforded  by  the  shape  of  its  articular  surfaces,  in  the 
limited  range  of  its  movements,  and  in  its  strength, 
which,  tlioup;h  derived  almost  entirely  from  ligaments,  is  sufficient 
to  resist  most  of  the  shocks  to  which  it  is  exposed. 


DUlocatJon 
rare. 


Dislocation  isj  accordingly,  veiy  rare;  when  it  has  taken 
place  there  is,  for  the  same  reaaoii  as  in  the  case  of  the 
sternoHjlariciilar  joint,  great  difficulty  in  iimintaining  the  bones  in  proper 
position.  The  tendency  of  Llowa  upon  tlie  shoulder,  combined  with 
the  shape  and  dis|>osition  of  the  ailicnlar  mirfacea  (PL  XXVI IL  fig.  4)> 
is  to  drive  the  aci-omion  (b)  under  the  end  of  the  clavicle  (c) ;  and  the 
ligaments,  some  of  tliem  at  least,  are  disposed  so  as  to  prevent  this 
accident  lustances  are,  however,  recorded  in  which  the  displacement 
took  place  in  the  oppotsite  direction,  tlie  exti'cniity  of  the  clavicle  having 
been  driven  beneath  the  aci-omion '. 


*  ATthives  £3^».  dc  Midecine,  1837,  ra.  463. 
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It  mftlnUlnft 

waitl  dInetSoii 
ofilioitlileriu 
mofWRieiDte  of 
ecipalAoti 


To  understand  thoroughly  the  offices  of  this  joint, 
it  is  necessary  to  consider  the  manner  in  which  the 
scapula  moves  upon  the  trunk.  It  is  capable  of  being 
thrown  forwards  and  backwards^  of  being  raised  and 
depressed,  and  of  being  moved  in  a  circle,  or  '*  circum- 
ducted/' as  it  IS  called;  and  throughout  these  move- 
menta  the  chief  part  of  the  base,  and  the  lower  angle,  are  main- 
tained in  contact  with  the  ribs.  Forasmuch  as  the  exterior  of  the 
ribs  presents  a  curved  line  from  before  backwards,  it  follows  that 
whenever  the  scapula  m  advanced  or  drawn  back,  it  must  describe 
part  of  a  circle  upon  the  chest ;  and  the  centre  or  axis  of  that  rota- 
tory movement  is  represented  by  a  vertical  line  drawn  tlirough  the 
stemo-clavicular  joint,  or  nearly  so.  Had  there  been  no  joint  be- 
tween the  clavicle  and  the  scapula,  tlie  circular  movement  of  the 
scapula  would  have  been  attended  with  a  greater  alteration  in  the 
direction  of  the  shoulder  than  is  desirable :  for  instance,  when  the 
scapula  was  thro^oi  forward,  the  glenoid  cavity  would  have  been 
directed  inwards ;  and  w!ien  the  reverse  movement  took  place  the 
glenoid  cavity  would  have  been  directed  outwards;  and  it  would 
have  been  impossible  to  give  a  blow  straight  forward  with  the  full 
force  of  the  arra,  that  is  to  say,  with  the  combined  force  of  the 
muscles  of  the  scapula  arm  and  forearm.  In  order  to  maintain  a 
imiformity  in  the  direction  of  the  shoulder  during  the  movements 
of  the  base  of  the  scapula,  and  to  permit  the  former  to  be  carried 
directly  forwards  and  backwards  while  the  latter  is  kept  in  contact 
with  the  convex  wall  of  the  chest,  the  acroniio-clavicnlar  joint  is 
intci^oaed  between  the  clavicle  and  the  scapula.  It  is  so  adjusted 
as  to  enable  either  bone  to  tiurn  in  a  hinge-like  manner  upon 
a  vertical  axis  drawn  through  the  other,  and  it  permits  the  surfaces 
of  the  scapuhi,  like  the  baskets  in  a  roundabout  swing,  to  look 
the  same  way  in  every  position,  or  nearly  so*.     When  the  shoulder 


^  It  wiU  be  observed  by  tboae  who  adopt  the  ordinary  viewf  and  expressionR 
respecting  the  rotation  of  the  mooo  in  its  movemciit  round  the  earth,  that  the  object 
of  this  joint  is  to  prevent  a  itimitar  rotation  of  the  scapnlit  in  itii  movement  round  the 
chest,  and  to  enable  it  to  present  its  glenoid  face  ahvAVs  in  one  straightforward 
direction. 
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is  advanced  the  acromial  end  of  the  clavicle  is  drawn  forwards 
with  the  scapula,  a  hinge-like  movement  between  the  two  takes 
place,  and  the  retiring  angle  between  the  hinder  edge  of  the 
clavicle  and  the  spine  of  the  scapula  is  rendered  more  acute» 
Wlien  the  shoulder  is  carried  backward,  the  acromial  end  of  the 
clavicle  goes  with  it,  and  the  angle  just  mentioned  is  widened* 
To  permit  the  requisite  movement  the  articular  surface  of  the 
clavicle  is  slightly  convex  from  before  backwards,  and  that  of  the 
acromion  is  slightly  concave  in  the  same  direction  (PL  XXVII L 
fig,  3). 

YtGtMo  to  ^g^i"?  in  *'i*^  rising  and  falling  of  the  shoulder  the 

penult  the        centre  of  motion  is  at  the  sterno-clavicular  joint ;  and 

rising  &iid 

faijing  «>f  ti»€  this  movement  would  evidently  be  incompatible  with  the 
juxtaposition  of  the  inferior  angle  of  the  scapula  to  the 
ribs>  if  there  were  no  joint  between  the  clavicle  and  the  acromion. 
The  acromial  facet  is  slightly  convex  from  above  downwards, 
and  the  clavicular  facet  is  slightly  concave,  so  as  to  permit  the 
requisite  hinge-like  movement  upon  an  antero-posterior  axis  when 
the  shoulder  rises  and  falls. 

sjiiDeofarti-  ^^'^^  Articular  surfiices  of  this  joint  are,  moreover, 

cokr  lurfaceft.  ^^t  obHquely  from  above,  downwards  and  inwards,  so 
that  the  facet  of  the  clavicle  overlaps  that  of  the  acromion.  When 
this  disj>osition  prevails  in  a  marked  degree,  as  represented  in 
PL  XXVIII.  fig.  4,  taken  from  a  recent  specimen,  the  convexity  of 
the  acromial  and  the  concavity  of  the  clavicular  surface  are  scarcely 
perceptible ;  and  it  is  probable  thatj  in  such  case,  the  one  slides  a 
little  upon  the  other  when  the  shoulder  rises  and  falls.  The  over- 
lapping of  the  clavicle  serves  to  prevent  displacement  of  the  acro- 
mion when  we  use  the  hands  and  arms  for  the  purpose  of  pressing 
against  any  foreign  body,  or  when  we  allow  the  weight  of  the 
trunk  to  rest  upon  them.  In  some  instances  the  extremity  of  the 
clavicle  is  so  much  elevated  as  to  simulate  exostosis  or  dislocation. 
Capsular  ligft-  ^^^  articular  surfaces  are  held  together  by  a  Cap- 

laenL  j^^fj^^  ligament  (figs.  3  and  4,  C,  D,  E^  F)  composed  of 

strong  fibrous  bundles,  which  are  not  sufficiently  tight  to  inter- 
fere with  movement,  and  which  are,  for  the  most  part,  directed, 
from  the  acromial  edge,  obliquely  backwards  and  outwards,  to  the 
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margin  of  the  clavicular  facet.  This  direction  of  the  ligamentous 
fibrea  indicates  their  office  to  be,  not  merely  to  hold  the  articular 
surfaces  in  apposition,  but  to  cause  the  clavicle  to  be  carried  for- 
ward Tjrith  the  acromion,  when  the  latter  is  advanced  by  the 
muscles  of  the  scapula.  The  movement  in  the  opposite  direction 
is  sufficiently  provided  for  by  the  disposition  of  the  articular  sur- 
faces, that  of  the  acromion  {fig.  3,  B)  being  situated  a  little  in 
front  of  that  of  the  clavicle  (A), 

Conoid  ugi^  "^^^  Conoid  ligament  (PL  XXIX.  fig.  1,  C)  is  con- 

raenu  nccted  with  the  root  of  tlie  coracold  process,  just  in 

front  of  the  supra-scapular  notch,  and  just  beneath  the  flat  smooth 
surface  on  the  inner  side  of  the  base  of  the  process  (<?),  It  spreads 
out  as  it  ascends  to  the  clavicle,  and  has  a  broad  attachment  to  the 
rough  surface  on  the  posterior  and  hinder  edge  of  the  most  pro- 
minent part  of  the  external  curve  of  that  bone.  It  obviously  acts 
as  a  check  upon  the  to-and-fro  movements  of  the  acromio-cla\^cular 
joint,  and,  therefore,  upon  the  advance  and  retrocession  of  the  slioul- 
der.  Moreover,  by  binding  the  hinder  edge  of  the  coracoid  to  the 
clavicle,  it  prevents  the  scapula  from  being  moved  or  driven  too  far 
backwards  by  the  strong  action  of  the  muscled  or  by  blows  upon 
the  front  of  the  shoulder.  During  the  movement  of  the  scapula 
forwards  and  backwards,  witlitn  the  range  permitted  by  it,  this 
ligament  plays  to  and  fro  upon  the  flat  smooth  surface  on  the  inner 
side  of  the  coracoid  process.  The  ligament  may  also,  in  addi- 
tion to  its  inflncnce  upon  the  to-and-fro  movements  of  the  scapula, 
set  a  limit  to  the  descent  of  the  bone  upon  the  side  of  tlie  chest. 
It  is  of  considerable  strength ;  and  its  distance  from  the  acromio- 
clavicular joint  gives  it  great  power  to  set  boirnds  to  the  movements 
of  that  joint.  In  this  and  some  other  respects  it  reminds  us  of 
the  costo-clavicnlar  ligament  which  is  attached  near  the  other 
end  of  the  cla\acle, 

TmpMoid  '^^^  Trapezoid  ligament  (D)  arises  from  the  hinder 

**««™*"^  part  of  the  inner  edge  of  the  coracoid  process,  and  from 
the  fore  part  of  the  flat  smooth  surface  at  the  root  of  the  conoid 
ligament.  It  passes  outwards,  narrowing  a  little  as  it  goes,  to 
the  rough  space  on  the  under  surface  of  the  expanded  end  of  the 
clavickj  half  or  three-quarters  of  an  inch  internal  to  the  articular 
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extremity.  It  is  a  great  stay  to  the  slioalder;  it  supports  the 
scapula  in  its  place,  and  combines  with  the  conoid  ligament  to  pre- 
vent the  coracoid,  and  therefore  the  acromion,  from  being  carried 
inwards  beneath  the  clavicle  by  tlie  contraction  of  the  powerful 
muscles  that  pass  to  the  scapula  from  the  trunk  or  by  blowa  upon 
the  shoulder.  The  oblique  disposition  of  the  articular  siiriaces  of 
the  acromio-claviciilaT  joint  renders  such  a  provision  for  preventing 
displacement  very  necessary.  The  Hgamcut  is  tense  in  every 
position  of  the  shoulder ;  and  its  fibres,  to  a  certain  extent  crossing 
one  another,  have  some  influence  in  limiting  both  the  forward  and 
the  backward  movement  of  the  scapida. 

Coraoo-iicromiai  "^'^^  Coraco-acrmnial  ligament  (E)  may  be  men- 
itgftmeiit  tioned  in  connection  with  this  joint.  It  is  spread  out, 
iau-like,  between  the  coracoid  and  the  acromion;  has  a  broad 
attiichmeut  along  the  outer  edge  of  the  former,  and  a  narrow  in- 
sertion into  the  tip  of  the  latter,  just  in  frout  of  and  beneath  its 
articular  facet.  It  binds  the  two  processes  together,  and  renders 
them  a  support  to  one  another,  preventing  the  acromion  from  being 
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Fig.  I,  Front  view  of  acromio-clAviculftr  and  slioulder-joiiita.  A^  the  acromion* 
Bf  thtr  extremity  of  the  clRviclo.  The  fibres  of  the  capsule  are  seen  pasaing  between 
the  two,  C  tbe  conoid  ligameDt ;  D,  the  trapezoid  ;:  £,  the  coraca- acromial  j  F,  ibesupni- 
scjipuhir.  0,  O,  the  cut  edge  of  scapuLi.  Jf^  the  tricep«.  /,  the  Bub>8capuJarifl  rnusole 
detaehed  from  the  acapula  and  tlirown  back  ho  as  U)  ahow  tbe  wido  opti^iig  in  the 
capaide  wliich  it  covenj.  K,  thin  edge  of  the  capsule  raised  with  the  eub-scjipiilaria, 
wMch  makes  tbo  opening  rattier  larger  aud  diacloaea  l>eneath  it  (L)  the  gleDo-humend 
ligament  and  (M)  the  bicepe  tfudon.  N,  tbo  cut  end  of  th«  biceps  lying  in  tbe 
bicipital  groove  and  covered  by  the  ligamcntoua  tiasue  that  bitida  it  there.  0,  tbe 
iunir^  and  F,  tbe  inffrior  ligamc-ni.  The  bead  of  the  humeriis  m  drawn  a  bttle  away 
from  the  glenoid  cavity,  so  na  to  render  tbe  capsule  tense.  Q,  is  the  amootb  surfaoo 
upon  the  coracoid  procioss,  on  which  the  conoid  ligament  pbys. 

Fig.  1.  External  view  of  the  glenoid  portion  of  a  scapula  fipom  wMch  the  acromion 
baa  been  sawn  away  at  4 »  B,  Bj  cut  edge  of  scapula,  C,  root  of  coracoid  process, 
D,  tbe  glenoid  ligament  attached  along  the  outer  border  of  tbe  glenoid  cavity.  E^  tbe 
biceps  tendon ;  aome  of  its  fibres  ara  continued  into  the  glenoid  ligament,  and  others 
into  {F]t  A  prominence  of  the  acapubi  at  the  upper  and  hinder  border  of  tbe  glenoid 
cavity.  Q^  the  triceps  tendon ;  aome  of  its  fibres  are  continued  into  the  glenoid  liga- 
ment and  the  capsule,  which  are  here  blended,  and  othera  are  attached  to  th6 
lower  border  of  acapnia. 
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driven  outwards  by  the  pressm-e  of  the  clavicle,  and  preventing  the 
coracoid  and  adjacent  edge  of  the  glenoid  cavity  from  being  driven 
inwards  by  the  prcasure  of  the  hnmems.  It  is  the  representative 
of  a  bony  arch  which  in  Sloths  connects  the  two  processes, 
inUfrartioiUr  ^  morc  or  kss  complcte  InteT'artiailar  fihro-cartilage 
cartiugB.  13  sometimes  found  in  tl^fs  joint.     It  is  uiiually  thickest 

at  the  circumference,  where  it  is  connected  with  the  capsule.     It 
may  be  present  in  the  upper  part  of  the  jointj  and  deficient  below. 


THE  SHOULDER-JOmT.    (Pistes  XXIX,  XXX.) 


f^liApe  of  the 
humerus. 


The  articular  surfaces  of  the  humcnis  and  scapula 
— a  large  ball  playing  in  a  sliallow  cup — are  peculiarly 
adapted  for  free  and  varied  movements.  That  of  the 
head  of  the  humerus  forms  part  of  a  true  sphere ;  but  its  margin 
is  by  no  means  a  true  circle,  inasmuch  as  it  is  extended  in  some 
directions  much  more  than  in  others.  Its  greatest  measurement 
is  from  the  proximity  of  the  bicipital  groove,  with  which  it  is 
nearly  continuous,  downwards,  inwards,  and  backwards.  A  vertical 
section  in  this  direction  shows  the  cartilaginous  margin  of  the  cot 
surface  (PI  XXX.  %,  1)  to  form  a  segment  (14^)'']  of  a  circle,  so 
that  it  approaches  to  a  serai-circle,  the  radium  of  which  is  about  an 
inch  and  a  line.  The  measurements  across,  and  in  other  direc- 
tions, are  less.  If  the  vertical  section  just  mentioned  be  continued 
downwards,  it  cuts  the  lower  articular  surface  very  oblif|uely;  it 
takes  oflf  a  small  piece  of  the  fore  part  of  the  tubercle  for  the  radius, 
and  falls  considerably  behind  the  inner  condyle,  so  that  the  two 
surfaces  are  oblique  with  regard  to  one  another.  The  lower  por- 
tion of  the  articular  surface  on  the  head  of  the  humerus  is  of 
considerable  width,  and,  in  the  position  of  rest,  with  the  mm  near 
the  side,  occupies  the  lower  wide  part  of  the  glenoid  cavity.  In 
this  position  rotation  is  most  free,  and  the  muscles  of  rotation — the 

Isub-sciipuluris  and  the  teres  minor — act  with  greatest  advantage  on 
the  tubercles  of  the  humerus.  The  middle  of  the  articular  surface 
is  still  wider  than  the  lower  part ;  and  this  permits  a  free  range  of 
lateral  movement  of  the  arm  when  the  extremity  is  raised  to  a 
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right  angle  with  the  sklo.  The  greatest  elevation  of  the  arm  can 
be  obtiiiued  by  rolling  the  articular  surface  of  the  humerus  in  the 
direction  of  its  greatest  mea^ui'cmeot,  wliicli  is  done  by  carrying 
the  arm  obliquely  upwards,  forwards,  and  outwards.  If  we  raise 
the  ann  straight  forwards  we  cannot  lift  it  quite  so  high ;  still  less 
if  we  endeavour  to  raise  it  behind. 

shaiwoftijo  "^'^^  Glenoid  oiui^y^  Burrounded  by  its  marginal  liga- 

glenoid  cavity,  ment,  prescTits  a  shallow  cup  of  oval  shapCj  adapted  to 
the  ball  of  the  humerus,  and  with  its  longest  diameter  in  a  corre- 
sponding direction.  Its  cartilage  is  thinnest  at  the  deepest  part  of 
the  cavitj%  whereas  that  of  the  hmnerus  is  thickest  at  the  centre  of 
the  head.  The  lower  broader  i>art  of  the  cup  sustains  the  chief  pres- 
sure of  the  head  of  the  humerus,  not  only  when  %ve  carry  weights 
and  when  blows  are  received  upon  the  shoiddcr,  but  also  when  the 
deltoid  is  employed  in  raising  the  arm,  because  the  supra-spinatits^ 
infra^spinatusy  and  biceps  tendon  so  act  upon  the  upper  end  of  the 
humerus  as  to  press  it  against,  and  cause  it  to  revolve  upon,  this 
lower  part  of  the  glenoid  cup.     To  enable  the  latter  to  bear  this 
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Fig.  I,  Section  through  ehouldcr-jotut,  with  the  urm  mt  right  ftnglos  to  the  bodj. 
it  sht}wi»  bow  the  biceps  tendon,  prossiag  the  humtBnia  close  againnt  the  glenoid  cavitj^ 
prevents  its  being  dragged  over  the  edge  of  the  cup  by  the  action  of  the  pectoralis 
major  and  latiaaimiifl  dorsL  A,  insertion  of  biceps  tendon  into  upper  edge  of  gWnoid 
cavity,  B^  the  lower  part  of  capsule,  which  iy  h>ose  even  in  this  position.  Mid  does 
not|  therefore,  assist  to  prevent  dielocation  till  the  arm  is  more  raised. 

Fig.  2.  View  of  parts  attached  around  glenoid  cavity;  a  section  has  been  made 
through  the  shoulder-joint,  detachtng  the  humenia  from  the  scapula.  A,  the  over- 
hanging edge  of  acromioD.  B^  (7,  2),  E^  the  cut  edges  of  sub-scapularis,  aupra- 
spiuatusj  infra-Bpinatuii  and  teres  minor  niTiscIes*  F,  Ft  F,  the  cut  edge  of  the  cap' 
sule,  distinct  from  the  muscles,  at  its  lower  part  contiououa  with  the  edge  of  tho 
glenoid  ligament^  but  above  septtrate  from  it,  and  passing  behind  it  and  the  hieejis 
tendon.  F^  and  F^,  the  parts  where  the  cajisiile  is  atrengthenod  by  the  inferior  and 
by  the  coraco-hrachial  ligamenta.  G,  the  glenoid  ligament  overhanging  the  upper  part 
of  the  glenoid  cavity.  U,  the  division  of  the  glenoid  ligament  which  ia  lost  upon 
tho  edge  of  the  glenoid  notch,  I,  the  division  which  i^asses  over  the  notch.  K, 
the  bictps  tendon.  L,  the  glenohumerai  ligMuent.  M^  the  internal  ligament.  A", 
the  ori&ce  of  communication  betweeu  the  synovial  cavity  and  tho  bursa  under  tho 
suh-scapularis. 
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strong  inferior  costa  of  the 
scapula.  The  base  of  the  spine  contributes  to  the  support  of  the 
middle  of  the  glenoid  cavity ;  and  the  base  of  the  coracoid  process 
forms  its  upper  edge.  The  section  represented  in  PI,  XXX.  fig.  1, 
shows  the  fimi  bonj  arch  upon  which  the  glenoid  cavity  is  carriecL 
The  edge  of  the  glenoid  cavity  is  rather  more  prominent  on  the 
inner  side,  in  which  direction  the  humerus  is  more  liable  to  be  dis- 
placed by  the  action  of  the  muscles  and  by  blows  on  the  shoulder, 
than  it  is  on  the  outer  side. 

The  Glenoid  Ugarmnt  (fig.  2,  O^  H^  I)  is  composed 
of  circularly  disposed,  more  or  less  interlacing  fibres, 
which  lie  upon  and  deepen  tlie  edge  of  the  cup,  and  which  are 
attached  to  the  latter  in  its  whole  circumference.  At  the  upper 
part  it  is  of  considerable  thickness;  it  here  (G)  overhangs  the  car- 
tilage of  the  glenoid  cavity,  is  separated  by  an  interval  from  the 
capside  {F)  which  passes  clean  over  it  to  the  upper  surface  of  the 
scapula ;  and  its  fibres  are  continuous  with  some  of  the  fibres  of  the 
** biceps  tendon**  and  of  the  *' coraco-brachial"  and  "internal  liga- 
ments," and  derives  a  considerable  accession  from  them.  Traced 
round  the  outer  and  lower  parts  of  the  glenoid  cavity  it  gradually 
becomes  shallower,  ceases  to  overhang  the  glenoid  cavity,  and  its 
surface  is  continuous  with  the  articular  cartilage  above,  and  with 
the  fibres  of  the  capsule  below.  As  it  ascends  along  the  inner  edge 
of  the  glenoid  cavity  it  splits  into  two  portions ;  of  which  the  one 
(/f),  keeping  close  along  the  margin  of  the  cup,  is  lost  upon  it 
about  tlie  bottom  of  the  notch,  and  the  other  {/)  passing  over  the 
notch,  (like  the  cotyloid  and  transverse  ligaments  of  the  hip),  com- 
pletes the  circle  of  the  ligament  and  deepens  the  cup  at  this  its 
shallowest  part. 

The  glenoid  ligament  not  only  serves  to  deepen  and  extend  the 
articular  siu-face  of  the  glenoid  cavity ;  it  also  prevents  its  being 
chipped  and  broken ;  and  it  forma  a  tough,  soft,  circular  cushion 
for  the  reception  of  the  head  of  the  humerus,  defending  the  opposed 
cartilaginous  surfaces  from  tlie  many  jars  to  wliich  they  are  liable 
on  accoimt  of  the  exposed  position  of  the  shoulder.  It  supports  the 
circumference  of  the  head  of  the  humeinis,  and,  being  held  in  close 
contact  with  it  by  the  capsule,  by  the  surrounding  muscles,  and  by 
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the  tension  of  the  biceps  tendon,  it  lessens  the  amount  of  pressure 
which  is  sustained  by  the  bottom  of  the  glenoid  cavity, 
AffptMUSonor  I*  '^  essential  to  tlie  free  movement  of  the  shoulder 

^1^^°?^"^'  that,  when  the  joint  is  at  ease  in  a  raid  position,  the 
tiMifiuaAQtfl.  ligaments  connecting  the  •humerus  with  the  scapula 
should  not  he  tight  at  any  one  part*  If  they  were  so,  it  is  evident 
that  movement  in  one  direction  would  be  prevented.  In  most 
positions  of  the  joint,  therefore,  the  apposition  of  the  two  bones  is 
not,  in  a  direct  manner,  dependent  upon  the  ligaments.  If  they 
alone  remained  tlie  huraems  would  fall  an  inch  from  its  proper 
position,  or  nearly  so ;  and  the  contact  of  the  articular  surfiices  is 
due  to  the  pressure  of  the  atmosphere,  aided  by  the  contraction  of 
the  muscles  and  the  elasticity  of  the  various  surrounding  tissues^ 
c*P!niiiir  ^^^  Capsular  ligament^  accordingly,  is,  in  all  ordi- 

Ugameiit  nary  positions  of  the  joint,  loose  at  every  part ;  and  it 

only  becomes  tight  when  the  movements  of  the  humerus  in  any 
direction  have  attained  to  their  full  extent.  The  office  of  this 
ligament  is  not  so  much  to  maintain  the  apposition  of  the  surfaces 
as  to  limit  the  fnovement^  of  the  joint ;  though  it  is  true  that,  by 
performing  the  latter  office,  it  does  contribute  to  effect  the  former. 
It  is  connected  with  the  margin  of  the  glenoid  cavity  and  with  tlic 
outer  part  of  the  anatomical  neck  of  the  humerus ;  and  some  of  its 
innennost  fibres  are  reflected  from  the  line  of  attachment  to  the 
humerus  back  upon  the  neck  of  the  l>one,  and  nm  to  the  projecting 
margin  of  the  bead.  These  are  covered  by  the  synovial  membrane, 
and  they  correjspond  with  the  fibrous  investment  of  the 
on  its  inncT  ncck  of  the  femur.  At  the  inner  side  of  the  joint  there 
'  ***  is  a  round  or  quadrilateral  aperture  (fig,  2,  N)^  under 

cover  of  the  subscapularls  muscle;  and,  at  this  point,  the  tendon 
of  that  muscle,  like  the  tendon  of  the  iliacus  at  the  hip,  is  in 
contact  with  the  synovial  membrane.     The  synovial  membrane 


'  Thia  maintenance  of  contact  between  the  articukr  surfacea  by  m«yw  of  the 
pressure  of  the  atiucMphenc  air,  without  the  intervention  of  connecting^  UgBmeolij 
renders  the  movemetits  of  the  joint  much  more  ewsy  than  they  would  otherwise  liAve 
been,  and  permits  a  swidging  pendulum-like  vibration  of  the  limb  when  the  muBcles 
Me  at  rest. 
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bulges  through  this  opening,  formmg  a  aort  of  bursa  for  the 
tendon.  The  opening  is  of  coiifiiderable  size;  and  the  head  of 
the  humerua  is  sometimes  driven  through  it  in  ditibDcatiou,  with- 
out there  being  necessarily  any  laceration  of  the  capsule*. 

The  short  muscles  that  pass  over  the  joint  arc 
with mirrouDd-  closcly  Connected  with  the  capsule;  but  they  are  not 
blended  ^vith  it,  and  may,  therefore,  be  disi?ected  oflF 
from  it.  Some  of  the  fibres  {PI,  XXIX,  fig,  2,  G)  of  the  tendon 
of  the  long  head  of  the  triceps  muscle,  which  is  attached  to  the 
rough  space  just  below  the  glenoid  cup  and  to  the  outer  margin  of 
the  cavity,  become  blended  with  the  capsule  in  the  same  way  that 
the  fibres  of  the  tendon  of  the  rectus  femoris,  with  which  this  por- 
tion of  tlie  triceps  corresponds,  become  blended  with  the  capsule 
of  the  hip. 

The  capsule  is  strengthened  at  three  parts  by  sup- 
plemental fibres^  or  bands,  passing  from  the  scapula  to 
the  hnmems,  which  have  been  rather  unnecessarily  dignified  by 
names.  Of  these  one,  called  the'  Cerac4>'hracktal  lifjament  (PI, 
XXX.  fig.  2,  i^'),  springs  from  the  upper  edge  of  the  glenoid 
cavity,  between  the  root  of  the  coracoid  process  and  the  point  of 
attachment  of  the  biceps  tendon,  and  is  attached  to  the  lesser 
tubercle  of  the  humerus  and  to  the  adjacent  edge  of  the  great 
tubercle.  It  is  spread  over  the  bicipital  groove ;  and  its  diverging 
fibres  are  connected  at  this  part  by  tr^sverse  bands,  which,  pass- 
ing from  one  tubercle  to  the  other  and  arching  over  the  groove, 
serve  to  hold  the  biceps  tendon  in  its  place. 

Gieno-buiMiai  Somc  of  tlic  fibres  of  this  coraco-brachial  ligament 
**«^™*^^  project  into  the  interior  of  the  joint,  along  the  inner 
edge  of  the  biceps  tendon,  and  are  inserted  into  the  innex  and 
upper  part  of  the  bicipital  groove,  at  a  point  nearer  the  margin  of 
the  head  than  tlie  line  of  attachment  of  the  rest  of  the  capsular 
ligament.  This  bundle  of  fibres  (PL  XXIX.  fig.  7,  i),  which  has 
been  described  by  Dr  Flood,  imdcr  the  name  of  the  Gktio-humercU 


^  In  addition  to  the  prooen  of  synovial  membrAnc  above  mentioned,  there  is  botoO' 
times  a  sepaf&ie  burta  betwiNsa  the  sub^capularis  tentlon  ftnd  the  root  of  the  corstcoid 
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ligament,  corresponds  probably  with  the  Ugamentum  teres  of  the 
hip-joint,  and  with  that  structure  in  the  frog  wkich  has  been  called 
tlie  ligaTRentum  teres  of  the  shoulder-joint.  The  similarity  is  in- 
creased by  the  fact  that  the  whole  circumference  of  the  gleno- 
humcral  ligament  is  sometimes  covered  by  syno\aal  membrane. 

A  third  accessory  to  the  capsule  is  the  Inner  liga- 
ment (0)  which  runs  from  the  inner  edge  of  the  gle- 
noid carity,  along  the  lower  margin  of  the  subscapularis  tendon, 
ti>  the  lower  part  of  the  lesser  tubercle  of  the  humerus.  It  is 
between  this  and  the  coraco-brachial  ligament  that  the  aperture 
in  the  capsule  pennita  the  subscapularis  tendon  to  lie  in  contact 
with  the  synovial  membrane  of  tlie  head  of  the  humerus;  and  it 
is  the -inner  ligament  which  is  commonly  stretched  or  torn  in  dislo- 
cations beneath  the  pectoral  muscle. 

Inferior  ii«»-  ^^^  fourth  acccssory,  called  the  Inferior  ligament  (P), 

meat.  passes,  from  the  imder  edge  of  the  glenoid  cavity,  to 

tlie  under  part  of  the  neck  of  the  hmnerus;  it  is  of  considerable 
strength,  and  renders  this  the- thickest  part  of  the  capsule*  It  m 
put  on  the  stretch  wlien  the  arm  is  raised  to  its  fullest  height;  and, 
in  falling  upon  the  arm  in  this  position,  it  is  liable  to  be  torn,  and 
the  head  of  tlic  bone  to  be  driven,  through  the  rent,  into  the  axilla. 
It  is  always  torn  in  dislocation  of  the  humerus  beneath  the  glenoid 
cavityj  and  usually  about  the  middle. 


Fatty  proccifcs. 


A  few  fatty  folds  and  delicate  processes  are  ofien  found 
hanging  from  the  synovial  membrane,  abuut  the  lines  of  its 
reflection  from  the  capsule  to  the  humerus  aotl  to  the  glenoiJ  cavity. 
In  some  states  of  the  disease,  particidarly  in  the  course  of  chronic  rheu- 
matic ai'thritis,  they  become  hypertrophied  and  increased  in  nnmber, 
and  may  form  polypose  excreiiccnces  of  considerable  size,  which  hang  by 
pedicles  into  the  cavity  of  the  joint, 

LowoTpartof  The  part  of  the  capsule  which,  in  the  ordinary  position 

Si^^nM  dta.  °^  ^^^  joint  with  the  arm  against  the  side,  is  the  most  loose 
*«»^e<i-  is  the  inferior  portion  (PL   XXX,  fig.   I,  JS),  whexe  it  is 

sireJigtheDod  by  the  "  inferior  Ugament  ;*'  and  the  looseness  of  the  cap 
sulo  in  this  situation  is  necessaiy  to  [>ermit  the  free  elevation  of  the  arm. 
Unfortunately  it  is  the  part  which  is  most  liable  to  becoine  thickened, 
stiflfened,  or  conti-acted  in  the   various  infiamniatoiy  aJfections   of  the 
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joint;  and  this  is  especially  likely  to  happen  when,  after  injuries,  or 
during  inflammation  of  the  joint,  the  arm  ija  kept  close  to  the  side  for  the 
sake  of  rest,  being  perhaps  bandaged  there.  Hence  impaired  movement, 
paHicularly  an  inability  to  raise  the  elbow  to  a  right  angle  with  the 
body,  ia  a  very  common  and  very  troublesome  sequence  of  injuries  or 
diseases  of  the  shoulder.  Even  in  cases  of  fracture  of  the  clavicle  or 
humerus,  this  defect,  which  may  be,  partly  or  entirely,  the  result  of 
the  nec&^sary  treatment,  often  constitutes  the  most  enduring  memento 
of  the  accident  It  may,  sometimes,  be  overcome  by  perseverance  in 
moving  the  arm;  or  by  suddenly  and  forcibly  pulling  up  the  elbow, 
thereby  etretching  the  cajisule,  and  tearing  through  any  adhesions  that 
may  have  been  foimed ;  an  expedient  not  unfrequently,  and  nf»t  always 
unauccessfuilj,  resorted  to  by  empirics,  under  the  pretence  of  reducing  a 
dislocation,  which  they  affirm  to  have  been  overlooked.  The  liability  to 
this  occurrence  is  a  warning  to  the  surgeon  to  keep  the  shoulder-joint 
fixed  and  inactive  no  longer  than  is  absolutely  neccssai^'. 


Biceps  tendon. 


A  peculiar  feature  in  the  Bhoulder-joiiit  is  the  Bi4^^p8 
tendouy  which,  lying  in  its  groove  in  the  hunienis,  per- 
forates the  capsule,  and  becoming  cnsheathed  in  synovial  membrane 
or  covered  by  epithelium,  ti^averses  the  joint  to  reach  the  upper  edge 
of  the  glenoid  cavity ;  the  greater  part  of  it  passes  over  the  glenoid 
ligament  and  is  attached  to  the  bone  (PL  XXIX.  fig.  2,  F).  Some 
of  its  outer  fibres,  and  a  few  of  the  inner,  diverge  to  join  the 
glenoid  ligament  on  either  side  (PL  XXX.  fig.  2,  K). 

Porposes  ierved  Several  purposes  are  served  by  the  peculiar  course  and 
byiupm^        dis[»osition  of  this  tendon.     1.   It  strengthens  the  capsule 

loiiK&tloti  Into  ,  jLi       1        1       ir*     1 

Uu9  »houider-  at  the  upper  part,  and  assists  to  prevent  the  head  of  the 
^^  humerus  being  pressed  against  the  acromion  by  the  contrac- 

tion of  the  deltoid  and  other  muscles.  2.  It  assists  the  supra-  and 
infra-spinatua  muscles  to  cause  the  head  of  the  humerus  to  revolve  in 
the  glenoid  cavity  when  the  arm  is  raised  from  the  aide;  thus  it  is,  in- 
directly, as  well  as  directly  fi-om  the  line  of  its  action,  an  elevator  of 
the  arm.  3.  By  its  passage  along  the  bicipital  groove  it  assists  to 
render  the  head  of  the  humerus  steady  in  the  various  movements  of  the 
arm  and  forearm ;  in  this  way  it  serves  the  purpose  of  a  ligament,  with 
the  advantage  of  being  available  in  all  positions  of  the  joint,  and  with- 
out restricting  the  range  of  movement  in  any  direction.     In  its  course 
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between  the  tuber<^les  it  plays  upon  the  inner,  ratheir  tlian  npon  the  outer, 
one,  Bs  may  be  inferred  from  the  depth  of  the  groove  it  makea  in  it  by 
working  round  it  as  upon  a  pnllej.  By  its  pressure  upon  this  inner  tuber- 
cle, the  tendou  prevents  undue  rotation  of  the  head  of  tlie  humerus  out- 
wards; and,  in  this  way,  the  biceps  muscle  is  enabled  to  counteract  the 
influence  which  its  own  pull  upon  the  tubercle  of  the  radius  tends  to 
exert.  For,  daring  the  action  of  the  biceps  in  flexion,  and  more  parti- 
cularly in  supination  of  the  forearm,  the  force  exerted  by  it  upon  the 
tubercle  of  the  radius  is  transmitted,  through  the  neck  of  that  bone, 
obli(|uely  outwards  to  the  outer  condyle  of  the  humerus,  and  gives  to 
the  humerus  a  tendency  to  rotate  outwards,  which  is  resisted  by  the 
pressure  of  the  long  tendon  of  the  biceps,  exerted  at  the  same  time 
npon  the  outer  side  of  the  leaser  tubercle.  Thus  the  same  power, 
which  by  its  pull  upon  the  tubercle  of  the  radius,  would  cause  the 
humerus  to  rotate  outwards,  by  its  pressure  npon  tlje  tubercle  of  the 
humerus,  prevents  that  movement,  and  renders  the  outer  condyle  a 
firm  resisting  pciiut  upon  which  the  supination  of  the  riidius  may  be 
eflfected.  The  advantage  of  such  a  provision  is  more  particularly  ex|)e- 
rienced  when  the  hand  is  pressed  against  any  body  during  supination, 
as  in  driving  a  gimlet;  for  the  onward  force  exerted  upon  the  gimlet 
by  the  extension  of  the  forearm,  as  well  as  the  twisting  force  resulting 
from  the  action  of  the  biceps  and  of  the  other  supinators,  is,  in  great 
part,  transmitted  to  the  outer  condyle  of  the  humerus.  4.  The  tendon 
of  the  biceps  serves  to  hold  the  hiimems  firmly  in  contact  vnth  the  gle- 
noid cavity,  and  to  prevent  its  slipping  over  the  lower  edge  of  the  cavity 
or  being  displaced  by  the  contraction  of  the  latissimus  dorsi  and  pec- 
toralis  major,  when  the  arm  is  raided  from  the  side,  as  in  climbing  and 
many  other  movements  (PL  XXX.  fig.  1).  Tliat  such  provision  to 
resist  the  puU  of  the.se  muscles  is  not  superfluous  is  proved  by  the  &ct 
that  the  displacement  sometimes  takes  place  in  spite  of  it,  I  was,  not 
long  since,  called  to  a  gentleman  who  had  dislocated  his  shoulder,  for  the 
first  time,  in  swimming ;  and  Monro  mentions  an  actress  who  often  dis- 
located her  arm  in  the  exercise  of  her  profession.  Let  a  person  8upj>ort 
himself,  on  his  elbows,  upon  a  bar  on  either  side,  with  the  arms  hori- 
zontal and  the  foreanns  perpendicular;  he  wUl  find  that  he  can  do  so 
more  e^asily  if  he  holds  a  stick  between  his  hands,  Itecause  the  stick,  sup- 
porting the  radius,  aflx^rds  a  point  of  resistance  to  the  contraction  of  the 
biceps,  and  enables  it,  by  giving  tension  to  its  long  head,  to  keep  the 


humerus  firmly  in  the  glenoid  cavity 
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Iii^Jfurlea  to  ten- 
don. 


Ko  wontler  that  this  long  tendon,  in  its  course  rouurl  the 
hea4j  t)f  the  humerus  and  through  the  shoulder-joint,  should 
ocscafiioimlly  be  snapped  hy  the  siiddon  contraction  of  the  powerful  biceps 
muscle.  I  have  known  the  accident  happen  in  two  instances.  It  was, 
in  each  case,  attended  witli  a  swelling  in  front  of  the  forearm,  caused 
by  the  unretiisted  tonic  contraction  of  the  belly  of  the  muscle ',  It  was 
not,  however,  aitended  with  any  displacement  of  the  head  of  the  humerus, 
which  has  been  mentioned  by  some  wiiters  to  be  a  symptoin  of  the  rup- 
ture of  this  tendon.  The  rent  inost  often  hapjwms  about  half  an  incli 
&om  itfi  glenoid  attachment;  and  is  moat  fretjuent  in  elderly  persona, 
in  whom  the  tendon  becomes  thin,  in  whom  the  sv^iovial  fluid  is  rather 
scanty,  and  in  whom  other  changes,  attendants  on  chronic  rheumatism, 
are  likely  to  be  in  progress.  Under  these  circumstances  there  can  be 
no  doubt  that  the  tendon  sometimes  becomes  warn  through  by  the  friction 
of  the  head  of  the  humeiiis  upon  it ;  and  I  quite  agree  with  the  writer  in 
the  Cifdopedia  of  Analamt^y  that  many  of  the  specimens,  in  which  the 
bicejja  tendon  stojjs  short  in  the  bicipital  groove,  or  becomes  lost  in  the 
capsule  of  the  joint,  are  to  be  attributed,  not  to  mptm^e  of  the  tendon, 
but  to  the  continued  effects  of  chtx>nic  rheumatism,  originating  in  an 
accident,  or  commencing  spontaneously*.  Possibly  the  defect  may,  in 
some  instances,  have  been  the  result  of  original  confomiation.  In  the 
greater  number  of  cases  of  dislocation  of  the  joint  the  tendon  of  the 
biceps  is  uninjured ;  in  some  it  is  torn  through ;  and  in  othei'a  it  is 
displaced  from  its  groove,  and  thrown  upon  the  outer  aide  of  the  great 
tubercle,  the  transverse  ligamentous  fibres,  which  hold  it  in  its  place, 
being  rent  acixjss.  . 

The  shallowness  of  the  glenoid  cavity,  the  free  range  of 
movement  of  the  joint,  the  looseness  and  thinnesa  of  the 


Dislocations. 


^  A  8unil&r  tms^  is  related  luid  representcMi  by  Hr  Calloway,  Injurus  of  the 
Shoulderjoint,  p.  148. 

•  It  would  appear,  from  fome  liisa^ctiona  of  the  ahoulder-joint  described  by  Mr  J. 
G,  Smith,  Medical  Q^ittte^  xiv.  p.  iSo,  that,  not  only  may  the  tendon  of  the  biceps 
be  worn  through,  but  that  the  CApsiilnr  ligament  and  the  tendons  of  the  supra-  and 
iufra^spioatua  muBcles  may  undergo  the  itame  change,  and  the  aub-deltoid  bursa  thus 
become  opened  into  the  cavity  of  the  joint.  In  several  of  the  caues  mentioned  the 
Bub-flcapulaiis  tendon  wan  more  or  leaa  detached  froin  the  leaser  tuberole*  Mr  Smith 
regardii  these  changes  as  the  result  of  acoident ;  but  several  other  points  in  the  state  of 
the  joints,  and  the  existence  of  similar  conditions  in  both  shoulders  of  the  same  peraon^ 
render  it  more  probable  that  they  were  the  gnwlual  result  of  friction  and  chronic 
rtieumatisni. 
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capsule,  the  exposed  position  of  the  shoulder,  and  the  length  of  the  arm, 
combine  to  render  thia  joint  very  liable  to  dklocatioD.  The  accident, 
however,  seldom  occurs  bc*fore  puberty.  The  hejul  of  the  bone  most 
frequently  pafises  downwards  into  the  axilla;  in  which  c^lso  tho  lower 
part  of  the  eapBule  ia  rent,  and  the  upper  part  of  the  capsule,  with  the 
csontiguous  small  muscles,  may  be  torn  from  the  humerus.  The  dislo^ 
cation  inwartis  ia  next  in  frequency ;  and  in  it  the  head  ©f  the  humerus 
may  be  driven  tlirougb  the  hole  ne^ir  the  aubacapulaiis^  without  any,  or 
with  but  little,  lacei'ation  of  the  capsula  The  dialocation  backwards  is  a 
rare  event,  in  conBequence  of  blows  not  being  often  received  in  such  a 
manner  as  to  produce  it  I'artial  dislocation,  tliat  ia,  when  the  head  of 
the  humerus  rests  upon  the  edge  of  the  glenoid  cavity,  is  not  very  likely 
to  occur.  The  condition  of  the  joint  in  one  instance  that  I  have  exor- 
mined,  and  in  others  of  which  I  have  read  the  accomit,  renders  it  most 
piT^bable  that  the  unnatural  position  waa  not  the  direct  result  of  acci- 
dent, but  of  slow  changes  in  the  joint  occasioned  by  chronic  rheumatic 
arthiitis\ 


THE  ELBOW  (PLATtB  XXXI.  XXXII.) 


is  a  true  hinge-joint.  The  radius  and  ulnaj  in  flexion  and  extension 
of  the  foreann,  revolve  upon  a  transverse  axis,  drawn  through  the 
lower  extremity  of  the  humenia^,  and  traversing  the  centres  of  the 
circles,  of  w^hich  the  trochlea  and  the  articular  surface  of  the  outer 
condyle  of  the  humerus  respectively  fonn  segments.  The  plane  in 
wliich  the  movement  takes  place  corresponds  nearly  with  the  line 
of  the  humerus  ;  any  obliqnity  in  the  direction  in  which  the  hand 
is  carried  upwards  or  downwards  being  imparted  by  the  rotation 
of  the  humerus  at  the  shoulder.  Thus,  in  bringing  the  hand  to  the 
mouth,  the  inclination  of  the  hand  towards  the  middle  line  of  the 
body  is  caused,  not  by  anything  in  the  construction  of  the  elbow- 
joint,  but  by  a  movement  at  the  shoulder. 


^  Two  spedmetiB  aj^  meniionod  by  Saudifort,  Museum  AneUomicumf  ni.  p.  1391, 
Noe.  DCLXI.  and  D. 

*  Thifl  Jixial  line  paises  through  the  lower  and  fore  part  of  the  outer  condyle  acd 
through  the  fore  part  of  a  ridge  that  mtiB  forwards  from  the  inner  condyle  to  the  aide 
of  the  trochlea ;  the  ioner  condyle  itself  is  behind  the  axis  of  motion  of  the  joint. 
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The  joint  depends  for  its  strength,  rather  on  the 
configuration  of  the  bones,  than  on  the  strength  of  the 
ligamenti;.  The  Olecranon^  hooking  round  tlie  trochlea, 
effectually  prevents  any  displacement  occurring  from  traction  upon 
the  forearm  or  hand;  and  the  Coranoid  process,  jutting  np  in  front  of 
the  hum  ems,  tends  to  prevent  the  foreami  being  driven  backwards 
by  force  applied  in  an  opposite  direction,  and  gives  power  in  pressing 
or  pushing  with  the  band.  It  is,  however,  a  less  efficient  stop 
than  the  olecranon ;  for,  though  it  suffices  to  resist  all  forces  result- 
ing from  the  contraction  of  the  muscles  of  the  arm,  it  often  fails  to 
protect  the  elbow  against  the  sudden  an<l  violent  impulses  that  are 
caused  by  falls  upon  the  hand.  Hence  dislocation  of  the  foreann 
backwards  at  the  elbow  is  a  common  occurrence.  Some  additional 
security  is  afforded  by  the  transversely  wa%nng  character  of  the 
articular  ends,  Tvhich  renders  the  surfaces  of  contact  more  extensive, 
and  assists  in  preventing  displacement,  especially  displacement  in 
a  lateral  direction. 

The  lower  end  of  the  humerus  is  cut  a  little  ob- 
liquely; so  that  when  the  bone  rests  upon  it  on  a  table 
the  shaft  slants  obliquely  outwards^  in  the  same  manner, 
and  at  about  the  same  angle,  as  does  the  femur  when  similarly 
placed;  and  the  mner  side  of  the  trochlea  (PL  XXXI.  fig.  1,  /)  is 
the  most  prominent  patt  of  the  articular  surface.  This  gives  to  the 
ulna  and  radius  a  slight  inclination  outwards  from  the  humerus  in 
every  position  of  the  elbow,  and  resists  the  tendency  of  tlic  strong 
pronator  and  flexor  muscles  of  the  hand  to  cbrag  these  bones  to- 
wards the  condyle  or  to  give  them  an  inclination  inwards*- 
AtiauLation  or  ^^^  gTOOvc  {K)  of  the  trochlea  is  occupied  by  the 

»arf«r«.  ndgc  which  traverses  tlie  sigmoid  cavity  of  the  ulna 

from  before  backwards.     The  ridge   (i)   which  forms  the   outer 
margin  of  the  trochlea  occupies  the  furrow  in  the  interval  between 


Lower  end 

ofliiunenu 


^  Tbe  prominenoe  of  the  inner  side  of  the  trochlea  u  most  marked  at  the  Inferior 
part;  and  the  outward  incliimtion  of  the  forearm  is,  aocordingly,  most  observable  in 
the  extended  position  of  the  elbow.  lu  rickety  aubjecta  the  degree  of  this  inclinatiaii 
i^  Bometim^s  exaggerated*  More  oommonly,  however,  the  incUnatien  of  the  forearm 
takes  an  opposite  diroctaou  in  rioketei  in  conf?j>qucnce  of  the  shaft  of  the  humeniB  being 
bent  with  the  convexity  outwardit. 
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the  edges  of  the  radius  and  ulna.  The  groove  (Af)  on  the  outer 
side  of  that  ridge  receives  the  margin  of  the  head  of  the  radius; 
and  the  outer  tuberck^,  or  capituhim  (A^  of  the  humerus  occupies 
the  hollow  upper  extremity  of  tiie  radius. 

The  cartilagiuaus  surface  of  the   Capitulum  of  the 

The  capttulum.  ^  /-        i        i  i  i      ■ 

Juimenis  does  not  extend  vejy  lar  backwards ;  and,  in 
the  completely  extended  position  of  the  elbow,  the  articular  edge 
of  the  radius  projects  beyond  the  capitulum,  and  may  be  distinctly 
felt  to  form  a  prominence  at  the  hinder  part  of  the  joint.  It  is 
well  to  rememb<ir  this  when  examining  the  elbow  for  the  purpose 
of  discovering  the  nature  of  an  injury*  There  is,  indeed,  only  one 
part  of  the  capitulmn  which  ia  wide  enough  to  give  support  to  the 
entire  cup  of  the  radius,  namely,  its  anterior  and  lower  part.  The 
radius  rests  upon  that  part  when  the  elbow  is  bent  to  an  angle  of 
120*^  or  130^;  and  this  is  tlie  position  in  which  we  possess  the 
greatest  power  of  supitiating  the  forcjirm. 

Articular  8UJ--  ^^^  axticular  surface  which  the  ulna  presents  to  the 

aoeofujjia,  humerus— the  greater  Si(/mo{d  carttt/^is  formed  partly 
by  the  upper  surface  of  the  coronoid  process,  and  partly  by  the 


DESCRIPTION  OF  PLATE  XXXL 

Fig,  I.  Vertical  section,  from  aide  to  side,  througih  the  rigbt  elbow-joint  in  the 
t'xieiided  poBitioB,  A,  bumenia,  B^  ulna,  (7,  radius.  B^  mt«nial  lateral  Hgajmont. 
£,  external  lateral  liguaent.  F,  cut  edge  of  coronary  lif^amecLt.  (?j  loose  fibrous  sunl 
fljnovml  membrane  d^icending  from  lower  edge  of  coronary  Ugfltment  and  reflected 
upon  neck  of  radiue,  N,  lesser  sigmoid  cavity  sloped  so  ai  to  uuderbang  liead  of 
radius.     /,  A',  L,  3/,  N,  parts  of  articular  surfeoe  of  humerus. 

Fig.  a ,  Vertical  section^  from  before  backwardsj  through  the  right  radio-lmmeral 
joint,  slightly  bent.  A^  the  Immorus.  B,  the  radius.  (7,  posterior  lig&metit,  with  a 
triangular  syoovial  fatty  process  {D}  projecting  from  it  into  the  interval  l>ctween  the 
radtUB  and  the  capitulum  of  the  humerns.  £,  E,  cut  edges  of  coronary  Hgament. 
Ft  F,  ISbroQS  and  synovi*!  membrane  deaconding  from  lower  edge  of  coronary  ligament, 
in  front  and  behind,  and  reflected  upon  neck  of  radius.  G,  anterior  ligament*  If, 
fossa  in  front  of  humerus,  above  capitulum. 

Fig.  3»  Similar  section  through  right  humero^ulnar  joint.  A,  bumcros.  B^  ulna. 
C,  part  at  bottom  of  greater  Bigmoid  cavity,  where  fat  exista  instead  of  cartilage,  i?, 
posterior  ligament  and  synovial  tncmhrane.  £,  fat  which  occupies  upper  part  of 
olecranon  fossa.  F,  situation  of  bursa  upon  olecranon.  Of  point  of  attaclMuent  of 
triceps  tendon,     i/,  anterior  ligament.     /,  fat  oocufiying  coronoid  fossa  in  humerus* 
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"anterior  surface  of  the  olecranon.  Between  these  two  13  an  inter- 
mediate transvei'se  depression  (fig.  3,  0)  wtiieli  h  not  euLject  to 
niueh  of  the  pressure  of  tbe  humerus,  and  which  is  often  found  to  be 
devoid  of  cartilage  ;  a  band  of  synovial  membrane,  with  fat,  some- 
times extends  across  it.  The  sharp  projecting  edges  of  the  olecranon 
and  coTonoid  process,  do  not,  in  the  most  extreme  flexion  and  exten- 
sion, come  quite  into  contact  with  the  floors  of  their  respective  fpssai. 
Sucb  contact  would  be  liable  to  cause  cliipping  or  some  injuiy  of 
the  bone ;  accordingly  a  stop  is  put  to  the  movementa  of  the  joint, 
and  any  mischievous  collision  of  the  articular  edges  is  prevented 
by  the  s^hape  of  the  articular  surfaces,  and  by  the  disposition  of  the 
ligaments.  The  lesser  Sigmoid  caviti/j  which  is  continuoua  with 
the  greater,  is  concavCj  and  it  is  narrower  at  the  fore  and  hinder 
parts,  than  in  the  middle.  The  opposed  margin  of  the  head  of  the 
radius  is  shaped  in  a  corresponding  manner ;  and  the  t^vo  surfaces 
have  their  broadest  parts  in  contact,  and  are  exactly  adapted  to  one 
another  in  the  posture  of  semipronation,  which  is  the  posture  of 
most  ease,  and  of  greatest  strength  (page  378). 
Articular  imr*  ^^^  ^'^  sur|>rised  that  so  shallow  a  cup  upon  the  ex- 

fAceofradiuiL  tTcmity  of  the  radius  should  suffice  to  withstand  the 
tendency  of  the  biceps  muscle  to  pull  it  forwards  from  tbe  con- 
dyle. It  could  not  do  so  if  the  radius  were  not  tightly  bound  to 
its  place  in  the  sigmoid  cavity  of  the  ulna  by  the  coronary  and 
other  ligaments,  which  are  nevertheless  so  arranged  as  to  leave  the 
bone  free  to  rotate  upon  the  condyle.  The  inner  and  hinder  mar* 
gin  of  the  cup,  which  has,  in  a  more  particular  manner,  to  i-esist 
the  pidl  of  the  biceps,  is  rather  deeper  than  the  rest  of  its  circum- 
ference*.  The  circumferential  margin  is  flattened  and  covered 
with  cartilage  all  round,  so  as  to  lessen  the  friction  upon  the 
lesser  sigmoid  cavity  of  the  ulna  and  the  coronary  ligament,  in 
the  rotatoiy  movements  of  the  bone.  The  inner  part,  which  plays 
in  the  lesser  sigmoid  cavity,  is  much  deeper  than  the  remainder 


*  A  case  IB  related  by  Mr  Adarns,  Otfd.  Anai,  u*  73,  in  whichj  lifter  tbe  elbow  bad 
beeo  weakened  by  an  injury,  tbe  ligaments  gave  way  and  the  heittl  of  the  nidi  us  wjia 
gradimlly  drawn  forwanifl  by  tbe  cod  tractions  of  tbe  biceps^  so  as  to  rest  upon  tbe  fore 
part  of  tbe  condyle  of  the  humema. 
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Anterkiir  UgA- 


of  the  edge.  Both  it  and  the  corresponding  surface  of  the  ulna  (H) 
are  sloped  a  little  ont^^^arda  from  above,  so  that  the  edge  of  tlie  ulna 
underhangs  the  surlace  of  the  radius ;  this  prevents  the  latter  from 
being  drawn  away  from  the  ulna  by  a  pull  upon  the  hand.  Tlie 
disposition  of  the  articular  surfaces  in  the  lower  joint  between  the 
radios  and  the  idiia  is  just  the  reverse  (PL  XXXIII.  fig.  1). 

The  anterior  Uganient  of  the  elbow  (PL  XXXII, 
fig.  1,  D)  is  composed  of  crossing  and  interlacitig  fibres, 
which  pass  from  the  front  of  the  bumems  above  its  articular  sur- 
face, enclosing  the  coronoid  ibssa,  to  the  edge  of  the  coronary  liga- 
ment in  front  of  the  bead  of  the  radius,  and  to  the  margin  of  the 
coronoid  process  of  the  ulna.  It  is  of  considerable  strength ;  and 
it  seta  bounds  to  the  extension  of  the  joint,  before  the  tip  of  the 
olecninon  cornea  into  contact  with  the  bottom  of  its  fossa  in  the 
humerus.  The  prominence  of  the  trochlea  and  of  the  fore  part  of 
the  outer  condyle  of  the  bimierus,  over  which  the  ligament  becomes 
stretched  as  the  extension  of  the  joint  proceeds,  increases  its  power 
of  limiting  that  movement.     In  flexion  of  the  joint  the  ligament 


DESGKIPTION  OF  PLATE  XXXIL 


Fig,  I.  Front  sneva  of  ligjwneiits  of  luft  elbow-joint.  A^  B^  C,  cut  ends  oriiiim&- 
rua,  radiuBj  awtl  ulna.  I),  anterior  ligament.  £f  internal  lateral  ligament,  Ff  external 
ditto.  t?i  amooth  ^^xternal  surface  of  coronaiy  ligament.  i7,  fibres  panging  from 
coronoid  process  to  join  coronary  ligament.  /,  loose  fibro-ayoovial  membrane  beneath 
coronary  ligamenta. 

Fig,  2,  Hind  view  of  ligaments  of  left  elbow-joint,  Aj  B,  C,  out  eude  of  bume* 
ma,  radiod,  and  ulna,  i?,  D,  tbin  portion  of  poattjrior  Ugam*;nt,  passing  from  edge 
of  olecranon  to  olecraQon  foasa.  E,  tbicktir  port  ten  of  posterior  ligament,  parsing 
from  edg^  <>f  lesaer  erigmoid  cavity  to  hinder  surface  of  external  condyle,  F,  fibres 
paaaing  from  lower  edge  of  lesser  sigmoid  cavity  to  coronary  ligament.  (?,  tendinous 
fibres  running  from  olecmnon  along  back  of  ulna. 

Fig*  3.  View  of  inner  side  of  left  elbow  Joint*  A^  internal  condyle  of  humenifl. 
Bf  ulna.  Cf  anterior  fibres  of  internal  lateral  ligament.  D,  the  same  continued  down 
inner  side  of  corouuid  process.  E,  middle,  and  Ff  poflterior  fibres  of  intem&l  lateral 
ligament.     Q^  fibres  passing  across  between  olecranon  and  coronoid  process. 

Fig.  4.  View  of  outer  aide  of  left  elbow-joint.  A,  B^  C,  cut  ends  of  bumeru^, 
radius,  and  ulna.  Df  outer  condyle*  J?,  external  lateral  ligament.  F,  coronary 
ligament  tightly  stretched  over  head  of  radius.  A  needle  lu»  been  tbmst  beneath  the 
looee  fibro>8ynoTud  membrane  below  the  coronary  ligament. 


I 
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becomes  transversely  wrinkled ;  and  its  folds  are  carried  befon^  the 
ulna  and  radius,  and  are  receiYed  into  the  tipper  part  of  the 
coronoid  fossa  finA  into  the  depression  in  front  of  the  outer  con- 
dyle, where  there  is  sufficient  space  to  prevent  its  being  squeezed 
between  the  approximated  surfaces  of  the  bones.  The  prepon- 
derating direction  of  the  chief  bundles  of  the  fibres  of  this  liga- 
ment 18  from  above  downwards  and  ontwm'ds^  thotigh  some  of 
them  pass  downwards  and  inwards. 

Posterior  iigiir  "^'^^  Postei'for  Nffavient  is  thinner  tlian  the  anterior, 

™«°*'  Its  filires  are  disposed  in  two  divisions,  of  wliich  one 

(fig.  2,  D  and  V\,  XXXI,  fig,  3,  D)  passes,  fi*om  the  upper 
surface  of  the  olecranon,  between  its  margin  and  the  smooth 
eminence  (F)  for  the  bursa  under  the  triceps,  to  the  outer  and 
inner  sides  of  the  trochlea,  and  to  a  line  extending  transversely 
across  the  olecranon  fossa.  This  line  divides  the  fossa  into  two 
nearly  equal  parts ;  of  which  the  lower  is  included  in  the  joint, 
while  the  upper  is  occupied  by  an  elastic  cushion  of  fat  and  soft 
cellular  tissue,  which  adapts  itself  to  the  varying  space  in  the  fossa 
caused  by  the  movement  of  the  olecranon  to  and  fro. 

The  synovial  membrane  is  looser  and  loss  closely  invested  by  sur- 
rountling  tissues  in  the  neighlK>urhood  of  the  olecranon  than  at  any 
other  part;  and  the  ligaments  an?  hei*e  weaker.  Hence  in  case  of  efinsion 
into  the  joint  the  swelling  may  be  first  perceiveil  io  this  situation^  and 
there  is  a  hulging  on  either  side  of  the  oleci^anon  and  of  the  tendon 
of  the  triceps. 

The  other  division  of  the  posterior  ligament  is  situated  nearer 
to  the  exterior  of  the  joint  {PL  XXXU,  fig,  2,  E),  It  passes  from 
the  liinder  margin  of  the  lesser  sigmoid  cavity  of  the  ulna,  and  from 
tlie  adjacent  part  of  the  coronoid  ligament,  upwards  and  outwards, 
to  the  hinder  edge  of  the  articular  surface  of  the  outer  condyle* 
It  is  thicker  than  the  inner  division  which  is  connected  with  the 
olecranon.  It  is  rendered  tight  by  flexion  of  the  joint;  and 
limits  that  movement.  The  preponderating  direction  of  its  fibres 
is  downwards  and  inwards  from  the  condyle  of  the  humerus, 
which  is  the  reverse  of  that  of  the  fibres  of  the  anterior  ligament* 
The  unc  (the  posterior  ligament)  has,  consequently,  a  tendency  to 
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prevent  displacement  of  tlie  radios  and  ulna  mwards,  while  tlic 
other  has  a  like  influence  in  preventing  dislocation  owh^^ards. 
Intenui  bt«ni]  ^^^  Intertml  lateral  Mtjament  (fig.  3)  is  of  trian- 
>^^*™«'''  gidar  shape;  it  radiates  from  the  under  edge  of  the 
internal  condyle  {A)  of  tlie  humerus  to  the  thick  projecting  inner 
edge  of  the  coronoid  process,  to  the  rough  inner  and  upper  portion 
of  the  olecranon,  and  to  the  interval  betivcen  the  two  proceB&es- 
It  is  of  conatdemhle  strength,  and  may  be  described  as  consist- 
ing of  three  distinct  portions.  L  The  middle  and  largest  por- 
tion {E)  rises  from  the  short  thick  ridge  that  descends  from  the 
intenial  condyle,  just  below  tlie  smooth  depression  for  the  attach- 
ment of  tlie  tendon  of  the  flexors  of  the  forearm,  forwards  and 
downwards,  towards  the  side  of  the  trochlea ;  from  this  point  the 
fibres  radiate  out,  and  are  connected  with  the  inner  margin  of  the 
sigmoid  cavity,  hetween  the  coronoid  process  and  the  olecranon. 
Near  their  insertion  they  are  covered  by,  or  are  more  or  less  blended 
with,  a  bundle  of  tendinous  fibres  {G)  passing  from  the  olecranon 
to  the  coronoid  process,  llie  point  of  attachment  of  this  middle 
portion  of  the  ligament  is  in,  or  near,  the  axis  of  motion  of  the 
joint,  and  its  component  fibres  are,  therefore,  tight  in  every  po- 
sition of  the  forearm.  2.  An  anterior  division  ( (7)  of  the  ligament 
runs  from  the  fore  part  of  the  copdyle  to  the  side  of  the  coronoid 
process,  and  is  tense  during  the  state  of  extension  only.  Some  of 
its  fibres  {D)  descend  upon  the  side  of  the  coronoid  process  to 
the  shaft  of  the  ulna,  3,  A  i>08terior  portion  {F)  passes  from  the 
lower  and  hinder  edge  of  the  condyle  to  the  margin  of  tlie  ole- 
cranon, and  is  tight  only  when  the  joint  is  flexed. 
Sxienui  tatenti  ^^^  External  lateral  UtjaTnent  (fig,  4,  E)  is  also  a 
ttiwMiit  radiating  ligament.  Its  upper  narrower  end  is  attached 
to  the  lower  and  anterior  ed^^^e  of  the  rough  projecting  ridge  on  the 
exterior  of  the  outer  condyle  (ZJ),  and  to  a  small  pit  between  the 
extremity  of  that  ridge  and  the  middle  of  the  articular  surface  of 
the  capitulum.  Its  fibres  pass  downwards,  are  spread  out  fan-like, 
and  are  connected  with  the  outer  part  of  the  coronary  ligament 
(J^;  the  foremost  fibres,  which  are  the  longest,  advance  upon  the 
front  of  the  joint  to  a  greater  extent  than  do  the  hinder  ones  upon 
the  back  of  the  joint.     The  latter  are  blended  with  the  fibres  of  the 
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posterior  ligament  (fig.  2,  E),  and  the  former  with  those  of  the 
anterior  ligament*  Borne  of  tlie  fibres  are  tense  in  every  position  of 
the  joint;  many  of  them,  howerer,  being  comiected  with  the  con- 
dyle of  the  humerus  a  little  in  front  of  the  axis  of  motion,  are 
tightened  only  when  the  joint  is  extended, 

Coroi.*rTii«B^  The  Cormary  h'gament  (PI  XXXI,  fig,  1,  F,  fig,  2, 

"***•  E^  and  XXXIL  fig.  4,  F]  is  a  broad  strong  structure 

applied  like  a  collar  mund  the  flat  edge  of  the  head  of  the  radius, 
and  encircling  its  whole  circumference,  except  that  part  of  it  which 
occupies  the  lesser  sigmoid  cavity  of  the  ulna.  It  is  attached  to  the 
anterior  and  posterior  margins  of  the  lesser  sigmoid  cavity  of  the 
ulna,  and^  by  long  stout  bundles  of  fibres  (fig,  2,  F),  to  the  rough 
ridge  that  descends  from  the  hinder  edge  of  that  cavity,  as  well 
as  to  the  ridge  that  descends  from  the  inner  side  of  the  coronoid 
process  near  the  anterior  edge  of  the  cavity  (fig.  1,  -ff)-  The  fibres 
fi"om  these  two  ridges,  passing  outwards,  in  fi'ont  and  behind  the 
joint,  meet  on  tlie  exterior  and  form  an  inverted  arch,  which  is  tight- 
ened and  strengthened  by  the  blending  of  the  fibres  of  the  external 
lateral  ligament  (PI,  XXXI,  fig.  1,  E)  witli  its  highest  point,  as 
well  as  by  the  union  of  the  fibres  of  the  anterior  and  posterior  liga- 
ments, in  front  and  behind  (PL  XXXIl,  fig.  1,  J9,  and  fig.  2,  E). 
While  tlie  upper  edge  of  the  coronary  ligament  is  thus  tightly 
fixed  by  its  connection  with  these  three  ligaments  tlie  lower  con- 
cave edge  is  quite  free,  from  one  extremity  to  the  other,  having  no 
connection  with  the  radius,  except  through  the  medium  of  the 
synovial  membrane.  The  latter  lines  the  inner  surface  of  the 
coronary  ligament,  passes  beneath  its  lower  edge  for  some  dis- 
tance, and  is  thence  reflected  with  a  few  bundles  of  fibrous  tissue 
„  ,   -    ..      iipcn  the  neck  of  the  radius  (PI.  XXXI.  fie:,  1,  G,  and 

Neck  of  r»dhi6       *  ^  r7 .      ? 

dreomrtanced  fig.  2,  F),  The  Upper  part  of  the  neck  of  the  radius, 
immerns&nci  like  those  of  the  humems  and  femur,  is  surrounded 
femur.  ^^   syuovial  membrane  with  a  thin   layer   of  fibrous 

tissue ;  and  it,  together  with  the  head  of  the  bone,  is  quite  free  to 
rotate  upon  the  outer  condyle  of  the  humems,  in  the  circle  pre- 
scribed by  the  coronary  ligament. 

The  elbow*joint  is  very  liable  to  dislocation^  especially  in 
children.     The  accident  is  commonly  caused  by  a  fall    upon 
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tlio  hamlj  and  displacement  of  both  the  bcmeH  buckwaixls  is  the  mt»Rt 
common  fonn  of  dislocation.  When  the  dispkeement  is  so  gi-eat  that 
the  coronoid  procaas  of  the  ulna  is  driven  back  ijito  the  olecranon  foasa 
of  the  humeruja,  there  miast  be  extensive  laceration  of  the  anterior  and 
lateral  ligaraenta  I  have  found,  however,  that  tlie  displacement  is  not 
generally  so  ooraplete,  but  that,  more  commonly,  the  coronoid  process 
reU8  %ipon  the  kinder  part  of  the  trochlea^  its  ftaasage  into  the  olecranon 
fi^eaa  being  resisted  bj  the  ligaments  and  muscles  which  are  less  torn 
than  in  the  complete  dislocation.  The  signs  of  the  displacement  under 
these  circumstances  are  not  very  distinct,  so  that  it  may  be  overlooked, 
witliout  care;  or  the  case  may  be  mistaken  for  one  of  fi-actnre  of  the 
lower  end  of  the  humerus.  The  dislocation,  whether  cumplete  or  in- 
complete, nmy  generally  be  reduced  without  difficulty ;  indeed  it  ia  often 
reduced  by  the  jiatieut  or  by  a  friend,  before  it  is  seen  by  the  medical 
man.  Neverthelesi*,  I  have  now  and  then  fountl  it  necessary  to  use  con- 
aidemble  force  in  reducing  it.  It  is  probable  thatj  in  such  ciises,  the 
resistance  to  the  replacement  of  the  bones  was  owing  to  the  lateral  liga- 
ments remaining  more  or  less  umnjui*ed.  The  coronary  ligament  is  torn 
only  when  one  of  the  bones  is  dislocated  without  the  other;  for  instance, 
when  the  ulna  is  thrown  backwards,  or  when  the  radins  is  thrown  for^ 
waixls  or  backwards  upon  the  outer  condyle.  The  displacement  of  the 
radius  in  the  latter  direction,  according  to  the  experience  of  Sir  A. 
Cooj>er,  is  a  less  fre<4uent  occuiTence  than  forwards,  which  we  should 
have  bt?en  scarcely  led  to  expect  from  a  consideration  of  the  anatomy  of 
the  jiarts  and  of  the  direction  in  which  the  disturbing  forces  are  usually 
received. 

Several  examples  of  congenital  dislocation  Isave  been  described '.  Tlie 
peculiar  features  of  this  deformity  are  deficiency  of  the  capitulum  of  the 
humerus,  and  elongation  of  the  neck  of  the  radius;  b«>  that  the  head 
of  the  latter  bone  is  on  a  level  with  the  extremity  of  the  olecranon, 
affortling  an  interesting  illustration  of  the  tendency  to  the  overgrowth 
of  the  extremity  of  a  bone  when  it  ia  not  checked  by  tlie  pressure  of  the 
bone  against  which  it  should  have  been  applied  (see  p.  49), 
Loom  cmrti-  Loose  cartilag68  ore  oocaaionally  met  with  in  the  elbuw- 

^*<P^  joints;    also   ossicles,   smooth    or   notluJjited,   are,   now   and 

then,   fdund  hanging  into   the   coronoid  nnd   olecranon  fossse*.      These 


Cyd*  AmOomff,  article  "  Ellxiw." 
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ofisicT^  are  the  rc?sult  of  disease,  and  must  not  be  mistaken  for  aesamoid 


THE  INFERIOR  RADIO-ULNAE  JOINT  (Plates  XXXIIL  ajtd  XXXIV.) 

conreBponds  in  many  respects  with  the  superior  radio-uliiar  joint. 
In  the  latter,  however,  the  round  head  of  the  radius  rotates,  upon 
its  own  axisj  in  the  circle  formed  by  the  orLicular  ligament  and  the 
lesser  sigmoid  facet  of  the  ulna ;  whereas,  in  the  present  instance, 
the  end  of  the  radius  revolves  round  the  lower  end  of  the  ulna, 
and  the  concave  surface  on  the  side  of  the  former  hone  is  adapted 
to  the  convex  facet  on  the  side  of  the  latter.  The  direction  of  the 
articuhir  surfiices  is  veiy  oblique  from  below  upwards  and  outwards, 
(Plate  XJCXIIL  fig.  1);  so  that  the  ulna  ot?erhang8  the  radius,  and 
receives  part  of  the  forces  transmitted  from  the  wrist*.  The  great  bond 
TriangtiUr  ^^  union  b«?twccn  thc  two  hones  is  the  strong  triangular 
ligwiient  ligmmnt  (6^,  which  is  cnnnected^  by  its  base,  with  the 
projecting  ridges  tliat  bound  thc  concave  (nczt  of  the  ratlins  in  front 
and  behind,  and  with  the  angtilar  line  that  intervenes  between 
those  ridges  and  septirates  thc  focet  for  the  ulna  from  that  for  the 
semilunar  l>one.  Thc  apex  of  the  ligament  is  attached  to  a  rough 
space  on  the  ulna,  in  thc  retiring  angle^  jiLst  ab:)ve  the  styloid  pro- 
cess, and  is  the  centre  around  whicli  the  base  of  the  ligament,  with 
the  radius,  revolves  in  pronation  and  supination.  Tlie  synovial  cavity 
extends  a  short  distance  bet^veen  the  base  of  the  ligament  and  the 
lower  part  of  the  convex  surface  of  the  ulna,  and  is  quite  shut  off 
from  the  wrist-joint  by  the  ligament ;  it  extends  up  a^me  little  dis- 
tance between  thc  radius  and  nliiaj  and  is  enclosed  merely  by  the 
synovial  membrane,  which  is  attached  to  the  opposed  margins  of 
the  artxenlar  surfaces  of  the  two  bones,  and  which  forms  a  loose 
bag  between  them  permitting  free  movement,  called  the  Meml/rana 
sacciforitm  (fig.  2,  S). 


^  Gtij*8  Musouin ;  Otto,  Sdtrne  Beaboi^k,  n.  37 ;  and  Tramaetioiu  0/  Path,  Soe,  n. 
1 09  and  14B, 

*  In  the  superior  radio-ulnar  joint  the  dircoyon  of  the  ith.%pe  of  the  »Hicular 
surfiwea  la  juat  tbe  reverse,  that  of  the  ulnii  wndlcrlianging  that  of  the  radiu«. 
tPl  XXXI  fig,  I,  I£.) 
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JOINTS  OF  THE  WBIST  AND  HAISD. 

Of  tlie  three  rows  of  joints  between  the  forearm  and  the  meta- 
carpus, the  upper — or  Iicufio-carpal^n.Ajnits  of  the  most,  and  the 
lower — or  Carpo-meiaewytal — of  the  least  motion.  In  neither  of 
the  joints  is  mnch  Becurity  afforded  by  the  shape  of  the  articular 
surfaces,  nor,  indeed,  by  the  ligaments,  the  espeeial  oiEce  of  wliich 
is  to  bind  the  bones  together^  Nevertheless  dislocations  at  this 
part  are  very  rare,  scarcely  ever  occurring  except  as  the  result  of 
Bome  violent  contusion,  which  is  attended  with  extensiye  laceration  of 
the  soft  parts  and  with  fracture  of  the  bones.  The  strength  of  these 
joints  is  in  great  measure  due  to  the  number  of  tendons  which  pass 
over  them,  and  to  the  qmintity  of  tough  fibrous  tissue  which  forms 
the  sheaths  of  the  tendons.  So  firmly  are  the  several  bones  bound 
together  by  these  means,  that  the  carpal  and  metacarpal  joints  are 
capable  of  withstanding  a  far  greater  force  than  the  radius  and 
ulna.  Tlieir  strength  is  also  partly  due  to  the  fact  that  the  move* 
ments  are  shared  by  several  joints,  and  arc,  therefore,  not  very  free 
in  any  one. 


DESCRIPTION  OF  PLATE  XXXIIL 


Fig.  I.  Yutiical  Buction,  from  side  io  side,  tlirough  the  rigbi  wriit.  A  the  radius, 
B,  the  ulna,  C,  triangulur  ligament,  i?,  internal  latefal  ligament.  £,  cxienud 
lateral  ligament.  F,  scaphoid  bone;  Gp  semilunar;  If,  cuneiform;  with  ligaments 
uniting  their  upper  edges.  /,  trap^ziuiD.  K,  trapezoid,  i,  magnum.  M,  unciform, 
TVansrerae  Ugatnentou^  fibres  unite  the  two  latter.  A',  N^  traD5ver»e  ligaments  between 
heads  of  middle  meta^arfia!  boneg.  Theae,  in  conBe<|uence  of  the  arched  form  of  th« 
part,  laid  behind  tho  section  which  paiiaed  through  the  hcadfl  of  tho  metacarpal  boDO 
of  the  thumb  (0)  aud  the  little  finger  (P), 

Fig.  1.  Hind  view  of  left  wrist-joint*  Aj  radius,  B,  ulna.  C,  triangular 
ligament.  i>^  iDtemal  tateral  ligament,  paaaing  to  cuneiform  bone,  and  on,  from  it, 
to  leaser  metacarpal  bone,  E,  external  lateral  ligament.  F,  G,  H^  portions  of  posterior 
tigament  paaaing  respectively  to  cuneiform,  semilunar  and  scaphoid.  /,  transverae 
ligament  extending  from  {K)  the  scaphoid  to  \L)  the  cuneiform  bone.  J/,  head 
of  o«  magnum,  N^  undform  bone.  O,  Tendon  of  extensor  carpi  radialis  longior# 
P,  tendon  of  ejttenBor  carpi  radialis  brevior,  raised  to  shew  the  process  of  third  metjfc- 
oarpal  bone  upon  which  it  Ees.  Q„  Transverse  Ligament  between  metacarpal  bones  of 
Ibmub  and  forafingor.  R^  oarpo^roetaoarpal  and  transvenie  m«t*ciupal  ligaments. 
^  mombrmaa  aaedformts. 
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THE  EADIO  CARPAL  JOINT.     <Plate8  XXXHI.  amd  XXXIY.y 


Movements. 


Ill  the  RiuNo'Carpal  TOint  the  hiwer  end  of  the  radius, 

DiA(>o«ltioii  of  .  . 

irtioiiar  stir-  aod  the  triangular  ligamcut  supported  upon  the  ulna, 
present  a  snperficial  concave  snrface  which  receives  the 
convexity  formed  by  the  Scaphoid,  Serailionai;  and  Cuneiform  bones. 
The  middle  and  larger  portion  of  this  surface  is  oval,  \rith  the 
greatest  diameter  from  before  backwards,  and  is  devoted  to  the 
Semilunar  bone.  The  outer,  more  cone-shaped^  division  receives 
the  Scaphoid ;  and  the  inner  or  smallest  segment,  which  is  formed 
by  the  triangular  ligament,  bears  the  Cuneiform  bone.  The  two 
latter  bones  rest  upon  their  respective  sm-faces  in  a  partial  and 
slanting  manner  only,  their  position  being  such  that  a  considerable 
part  of  the  weiglit  received  by  them  is  transmitted  to  the  semilunar 
bone  which  rests  more  perpendicularly,  and  by  a  larger  area,  upon 
the  radius. 

The  movements  of  this  joint  are  not  very  free  in 
any  direction.  They  are  ^ejcfaw  and  &tt^7i»ion^  in  which 
the  carpus  revolves  upon  a  transverse  axis  drawn  bt^tween  the  ex- 
tremities of  the  stj'loid  processes  of  the  radius  and  ulna ;  and  abduc- 
tion and  adduction^  in  which  the  carpus  revolves  upon  an  antero-pos* 
terior  axis  drawn  through  the  head  of  the  os  magnum.  Adduction 
may  l>e  effected  to  a  greater  extent  than  abduction,  in  consequence 
of  the  mode  of  disposition  of  the  lateral  ligaments  ;  and  with  greater 
power,  in  consequence  of  the  leverage  afforded  by  the  projection  of 
the  cuneiform  and  pisiform  bones  on  the  inner  side  of  the  wrist. 
This  is  the  reason  that  the  hand  commonly  assumes  the  |>osition 
of  adduction,  and  t!ie  little  finger  becomes  hiclined  towards  the 
uhia,  when,  from  disease  or  other  causei  the  muscles  lose  the  in- 
fluence of  volition  and  exercise  an  uncontrolled  sway  over  the 
part. 

Rotation  does  not  take  place  in  the  wrist,  being  prevented  by 
the  transversely  elongated  shape  of  the  articulation.  It  is,  how- 
ever, provided  to  the  hand  by  the  pronation  and  supination  of  the 
radius  upon  the  ulna.     There  are  movements  intermediate  between 
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those  above  mentioned  (that  is,  between  flexion  and  extension,  on 
the  one  hand,  and  abduction  and  adduction  on  the  other) ;  these  con- 
stitute a  8ort  of  mreumductwn^ 

Po«rt«Hor  ligft-  ^^^  *^^  back  of  t!ie  joint  the  ligaments  are  weak, 

mmu  One  band  (PL  XXXIII.  fig.  2,  F)  passes  from  the  edge 

of  the  groove  upon  the  radius,  which  is  occupied  by  the  extensors 
of  the  fingers,  to  the  back  of  the  cuiicifoiTu  bone;  another  (G)  runs 
from  the  ridge  and  grcFove  for  the  extensor  tertii  intemodii  poUicis 
to  the  back  of  the  semilunar  bone ;  and  a  third  (//)  from  the  groove 
for  the  radial  extcnsnra  to  the  back  of  the  scaphoid  bone.  These 
three,  more  or  less  chisely  united  by  intervening  fibres,  make  up 
the  Posterhr  Ugainent,  The  direction  of  their  fibres  is  chiefly 
mtt wards  as  well  as  downwards,  so  that  they  assist  in  carrying 
the  hand  with  the  radius  in  prnnation. 

Anterior  iig»-  "^^^    Anlerior    ligament    (PI,    XXXIY.)    Is    much 

menL  stronger;  and  the  fibresj^  passing  oljliquely  inwanh  as 

well  as  doi^Tiwards,  assist  in  carrying  the  hand  with  the  radius 
in  the  powerful  movement  of  supination*  It  consists  of  two  chief 
bands;  an  outer  one  {F)y  arising  Irora  the  stout  ridge  just  above  the 
styloid  process  of  the  radius,  or  rather  from  an  uneven  depression 
between  that  ridge  and  the  margin  of  the  articular  surface  for  the 
scaphoid  bone,  runs  over  the  scaphoid  bone,  having  very  little  con- 
nection with  it,  and  is  attached  chiefly  to  the  semilunar  bone;  some 


DESCRIPTION  OF  PLATE  XXXIV. 


Front  view  of  jomtR  of  wrist  and  fiingerB.  A,  radiiiB,  J?,  ulna.  Cf  triatigxUiir 
ligament,  D^  internal  Iftteral  ligameiit.  Ej  external  lftt*^r»l  Hgainent.  F  and  G, 
outer  and  inner  portion  a  of  anterior  ligamenfc,  with  tliu  interval  tw^twcen  them.  JI, 
piaifonn  bone ;  /,  unciform  proce«i|  and  A',  strong  interoBaeous  ligament  between  the 
two.  L,  ligament  from  pbiform  to  5th  nietacarjiai  bone.  M,  trapezium.  N^  tendon  of 
flexor  carpi  radialifl  entering  groove  in  trapezium.  0,  0,  cut  edges  of  anterior  annular 
ligament.  Pj  capsule  of  carpometacarpal  joint  of  thumb.  Q,  aeaamoid  hone  con- 
necUnl  with  the  other  sesamoid  by  trannverae  ligament  {Il)f  with  the  metacarpal  bone 
by  ftDterior  fibres  of  lateral  hgament  {S),  and  with  phalanx  by  short  stout  hbre«  {7^. 
U3  •eMJBoid  body  of  forefiuger  connected  with  interoBseous  muscle  (  T),  with  the 
phalanx,  and  with  the  transverse  ligament,  JF,  W,  sesamoid  bodies  in  front  of  phaUin- 
geal  jointn.  A",  X,  prominences  on  fore  part  of  head  of  raetaearpik!  bone.  Yj  depres- 
sion between  the  prominencea,    Z,  membnuiasacciformiB. 
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of  its  fibres  run  on  to  tlie  magnum  and  unciform  bones.  The  inner 
band  (G)^  arising  from  tbe  eminence  that  surniotiiits  the  articular 
surface  for  the  semilunar  bone,  runa  over  the  semihinar  bone,  and 
is  attached  to  the  adjacent  parts  of  the  magnum  unciform  and 
cuneifonn  bone^.  Tlie  fibres  of  this  band  are  less  oblique  than 
those  of  the  outer  portion.  Between  these  two  bands  is  an  interval 
corresponding  wit!i  a  slight  depression  in  the  radius.  Vessels  pass 
into  the  joint  here. 

Extenifci  lAtcrmi  '^'*^  External  lateral  ligament  (E)  passeSj  from  the 
UgKiucaL  extremity  and  fore  part  of  the  styloid  process  of  the 
radius,  to  the  inner  and  fore  part  of  the  scai>hoid  and  the  adjacent 
edge  of  the  oa  magnum.  The  fibres  of  this  ligament,  being  directed 
inwards,  to  tlie  fore  part  rather  than  the  side  of  the  joint,  so  as  to 
be  blended  or  nearly  blended  with  those  of  the  anterior  ligament, 
combine  witli  the  latter  in  limiting  the  extension  of  the  wrist,  as 
well  as  in  assisting  to  carry  the  hand  with  the  radius  in  supination. 
They  also  serve  to  limit  adduction  of  the  hand, 
inteni*!  Uktend  '^'^^^  Internal  lateral  ligament  (D)  passes,  firom  the 
ligoaicnt  extremity  and  outer  side  of  the  styloid  process  of  the 
ubia,  to  the  side  of  the  cuneiform  and  the  pisiform  bones.  Some  of 
its  fibres,  arising  in  close  connection  with  those  of  the  triangular 
ligament,  pass  outwards,  nearly  parallel  with  tlicni,  and  ai*e  attached 
I  to  the  fore  part  of  tlic  cuneiform  and  to  the  adjacent  edge^  of  the 
unciform  and  semilunar  bones.  It  limits  abduction  of  the  wrist, 
and  also  conti'ibutes,  with  the  anterior  and  external  lateral  liga- 
ments, to  limit  extension. 


THE  CABPAL  JOINTS.     (Platk  XXXIIL) 


The  surfaces  of  the  carpal  bones  present  great  variety  of  form, 

^and  are  well  adapted  to  eacli  other.     The  several  bones  are  liound 

i  together  by  short  ligaments  passing,  firom  one  to  the  other,  in  fi-ont 

and  1>ehind,  as  well  as  by  an  extension  upon  them  of  tbe  fibres  of  the 

ligaments  of  the  wTist-joint  just  described,  by  the  sheaths  of  the 

tendons,  and  by  the  annular  ligaments.    The  bones  of  each  row  are 
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also  united  together  by  secondary  ligamentous  bundles  extending 
lutennedUite  b^tweeu  them  in  a  transverse  direction.  In  (fig,  1)  these 
**»*°**^**  Intervt€diaU  Ugavients  are  seen  passing  from  the  scaphoid 
to  the  semi-lunar  and  from  the  semi-lunar  to  the  cuneiform  j  also 
from  the  unciform  to  the  magnum,  whereas  between  the  trapezoid 
and  the  traj>eziuin  the  continuity  of  the  carpal  with  tlie  cari)0-meta- 
carpal  joints  is  shown.  In  the  first  row  they  are  situated  close 
to  the  upper  edges  of  the  bones,  so  a^  to  fill  up  the  intervals  be- 
tweeji  them,  to  prevent  their  separation  }jj  the  pressure  of  the  os 
magnum,  and  to  present  an  even  convex  surface  to  the  radius  and 
the  triangular  ligament.  The  intermediate  ligaments  are  all  trans^ 
V€ir$e,  uniting  the  bones  of  the  respective  car|>al  rows,  and  not 
passing  between  the  two  rows,  so  that  tlie  latter  are  left  free  to 
play  upon  one  another. 

Joint  between  Thus  a  secoud  hiiige-joiut  is  formed,  which  resembles 
flrat  ind  second  ^j^p  T^Tist-joint,  and  iucreascs  the  ranse  of  flexion   and 

row  of  carpal  . 

txMiet  extension  of  the  hand  ujjon  the  forearm.     In  the  ^viist- 

joint  extension  is  more  free  than  flexion,  owing  to  the  articulating 
surfaces  being  contiinied  further  u|>on  the  dorsal  than  upon  the 
palmar  aspect  of  the  caqml  bones.  This,  however^  is  more  than 
counterbalanced  by  the  amoimt  of  flexion  which  is  permitted  in 
the  joint  between  the  two  rows  of  carpal  bones.  So  that,  on  the 
whole,  the  range  of  flexion  of  the  hand  upon  the  forearm  is  greater 
than  that  of  extension.  The  alternating  concavo-convex  facets  of 
the  two  rows  are  so  adapted  to  one  another  as  to  prevent  all 
movements  besides  flexion  and  extension;  and  the  joint  is  ren- 
dered very  secure  by  the  extent  and  variety  of  shape  of  the  opposed 
surfaces. 

Dislocation  of  tbe  second  row  fonvards  is  prevented  by 
the  manner  in  wMcli  the  concave  surfaces  of  the  trapezium 
and  trapezoid  rest  upon  the  posterior  convex  facet  of  the  scaphoid,  as 
well  as  by  the  undulating  manner  in  which  the  side  of  the  unciform  is 
disposed  with  regard  to  the  side  of  tlie  cuneiform.  Displacement  bctck- 
warda  is  prevented  by  the  manner  in  which  the  round  head  of  the  os 
magnum  (fig.  2,  if),  and  the  convex  posterior  and  upper  surface  of  the 
unciform  (N)  are  let  into  the  hollow  formed  in  the  anterior  and  inferior 
Burfaoes  of  the  scaphoid  semilunar  and  cuneiform. 
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__  The  cup  for  the  head  of  the  os  maMum  is  farther 

^^B*™"**  deepened  by  a  strong  Transverse  lyameni  (/)  extending, 
across  the  hea4  of  the  os  magnnm,  from  the  back  of  the  scaphoid 
(K)  to  the  back  of  the  cuneiform  (i). 

^j^^jj^  The  joint  between  the  two  rows  has,  in  addition, 

™*°**  special  ligaments,  resembling  those  of  an  ordinaiy  hinge- 

joint  Tbe  Posterior  ligament  consiata  of  a  few  delicate  bundles, 
which  pass  between  the  adjacent  edge^^  of  the  contiguous  bones.  It 
ia  weak,  much  strength  being  rendered  unncccBsaiy  by  the  quan- 
tity of  fibrous  tisjsue  which  is  derived  jfrom  the  sheaths  of  the 
tendons  at  the  back  of  the  wrist.  The  AnUsrior  ItgameM  consists  of 
bundles  similarly  disposed,  and  is  stronger  than  the  po3terior> 
though,  for  a  similar  reason,  it  is  not  very  strong.  The  External 
liffameni  is  broad  and  i^trong,  and  composed  of  bundles  of  fibres 
passing  from  the  outer  edge  of  the  scaphoid  to  the  outer  edge  of 
the  trapezium.  Its  anterior  fibres  limit  extension,  and  its  posterior 
tibreii  limit  flexion.  The  Internal  ligament  passes  from  the  edge  of 
the  pisiform  to  the  adjacent  edge  and  hamular  process  of  the 
uncifonn.  It  is  situated  nearer  the  front  than  the  back  of  the 
joint,  and  serves  to  limit  extension, 

AnntiUir  ^^^  Several  carpal  bones  are  licld  together  by  other 

ligameuu.  short  ligaments  which  need  no  especial  description. 
Besides  these,  there  are  the  Anlerior  and  Posterior  annular  liga- 
ments,  both  of  which  are  of  considerable  strength.  The  Anterior^ 
passing  from  projecting  bony  points — the  pisiiorm  and  the  hamular 
process  of  tlie  unciform — on  tlie  one  side,  to  the  scaphoid  and  traj>e- 
zium  on  the  other,  strengthens  the  carpal  arch  and  binds  doi*Ti  the 
flexor  tendons.  Its  deeper  fibres  are  reflected  inwards  upon  the 
anterior  surface  of  the  carpal  bones»  are  continuous  with  the  inter- 
c»8seous  ligaments,  and  converge  towards  the  heiid  of  the  os  magnum. 
The  Posterior  annular  Itgantent^  arising  from  the  ridges  on  the 
hinder  surface  of  the  radius,  passes  inwards  and  downwards  to  the 
cuneiform,  pisiform  and  little  metacarpal  bones ;  it  binds  down  the 
extensor  tendons,  and  assists  to  carry  the  hand  with  the  radius  in 
pronation.  Its  uppermost  fibres,  which  curl  beneMh  the  lower 
extremity  of  the  ulna,  in  their  way  to  the  pisiform  bone,  and 
which  bind  down  the  extensor  carpi  ulnaris,  are  particularly  strong. 
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Tiie  Yarious  caqial  joints  are  continiiouB  with  one  another,  with 
the  radio-carpal  joint  above  and  with  the  carpo-metacarpul  joints 
below. 


CARPO-METACAHPAL  JOINTS. 

The  distal  edge  of  the  carj)iLs  present.^  a  remarkahly  wavy  line, 
to  wliich  the  metacarj>u9  is  adapted;  eacli  bone  is  convex  at  one 
part  and  concave  at  anotlier  (PL  XXXIIL  fig,  1)  ;  and  the  several 
convexities  and  concavities  are  arranged  alternately,  which  affords 
BO  great  security  that  dislocation  scarcely  ever  takes  place.  The 
metacarpal  boin^s  are  united  to  the  carpal  by  aliort  ligaments  pasa^ 
ing  from  one  to  the  other  on  tlie  dorsal  (fig.  2,  //)  and  palmar 
surfaces ;  and  the  proximal  extremities  of  the  former  are  bound 
together  by  transverse  ligaments  (fig,  1,  N).  The  metacarpal  bones 
of  the  index  and  middle  fingers  are  almost  immoveable;  and  the 
ligaments  uniting  them  with  the  carpiLS  are  con3ec[uently  short* 
The  metacarpal  bones  of  the  ring  and  little  fingers  are,  to  a  certain 
extent,  moveable  (p. 391),  and  are  less  tightly  bound  to  the  carpus; 
and,  in  the  case  of  the  little  finger,  there  is  a  regular  capsule  of 
considerable  strength,  resembling  very  much  that  which  binds  the 
thumb  to  the  trapezium*. 


JOIKTS  OF  THE  THUMB,    (Plate  XXXIV,) 


i 


CHTpo-meta- 
Arpol  joint 


The  carpo-metacarpal  joint  of  the  thumb  is  pro- 
tected by  a  capsular  ligament  (P),  whieii  is  composed 
of  bands  passing  from  the  trapezium  to  the  metacaq^al  bone. 
These  are  stronger  at  some  points  than  at  others,  have  been  de- 
scribed as  separate  ligaments,  and  have  been  named,  according  to 
their  position,  dorsal^  palmar^  internal^  and  exfermtL  They  are 
stronger  upon  the  hinder  part,  where  the  joint  is  least  covered  by 
muscles,  than  elsewhere.  These  bands  are  not  tight,  do  not  hold 
the  bones  closely  together,  and  do  not,  therefore,  prevent  move* 


See  iinular  dkposUioii  described  m  Ibe  Aocount  of  the  Urso-meUtarMl  jointo. 
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ment  in  any  direction ;  they  merely  set  bounda  to  it.  The  moye- 
ments  are  regulated  by  the  shape  of  the  articular  surfaces.  In 
flexion  and  extension  the  tliumb  sliders  to  and  fx'o  n|>on  the  trape- 
zium, and  revolves  in  a  circle,  the  centre  of  which  is  at  some  dis- 
tance above  the  trapeziiiin ;  whereas  in  abduction  and  adduction 
the  thumb  revolves,  in  the  30j:;ket  of  the  trapezium,  u|>on  an  axis 
drawn  through  its  own  head.  Circumduction  may  take  place  freely  j 
but  there  is  no  rotation. 

A  ligament  (PI  XXXIII.  fig.  2,  Q),  corresponding  ^^th  the 
transverse  metacarpal  ligaments  just  mentioned,  runs  from  the 
upper  end  of  the  metacarpal  bone  of  the  thumb  to  the  adjacent 
extremity  of  the  metacarpal  bone  of  the  index  finger,  and  servrea  to 
prevent  undue  separation  of  the  thumb  from  the  fingers. 

The  thumb  is  much  exposed  to  injury,  the  range  of  its  movement 
tipon  the  carpus  being  free.  But  the  ligaments  binding  it  to  the  trape- 
zium are  very  strong;  and  this  joint  receives  so  much  support  from 
adjacent  muscles  and  tendons  that  it  is  rarely  dislocated.  Sir  A.  Cooper 
and  Boyer  each  met  with  but  one  instance  of  the  accident. 


TEE  METACAEPO  PHALANGEAL  JOINT 

of  the  thumb  is  practically  a  hinge-joint,  the  ordinary  movements 
being  those  of  Jlexton  and  extension*  Slight  lateral  motion  may  be 
effected  wlien  the  joint  is  a  little  bent ;  but  much  lateral  motion  is 
not  here  required  in  consequence  of  the  free  play  of  the  metacarpal 
bone  upon  the  cari)U3.  The  articular  surfaces  present  a  similarity  to 
those  both  of  the  raetacarpo-phalangeal  and  of  the  phalangeal  joints 
of  the  fingers.  Thus  the  head  of  the  metacarpal  bone  resemblea 
the  heads  of  the  other  metacarpal  bones  in  its  rounded  form,  and  in 
the  prolongation  of  its  articular  surface  upon  the  palmar  ai^pect  by 
means  of  two  stout  lateral  tubercles  with  a  marked  depression  be- 
tween them.  These  tubercles,  upon  which  the  sesamoid  bones  rest, 
and  the  intervening  fossa,  are  even  more  marked  in  this  than  are 
the  corresponding  features  in  the  other  metacarpal  bones.  The  first 
phalanx  of  the  thumb,  on  the  Other  hand,  resembles  the  second 
phalanges  of  the  fingers  in  presenting  a  slight  projection  forwards 
of  its  articular  surface  in  the  middle,  so  as  to  form  a  blunt  t/inth- 
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like  process,  which ,  jutting  between  the  sesamoid  bones,  and  falling, 
when  the  thumb  is  bent,  between  the  lateral  prolongations  of  tlie 
metacarpal  bone,  on  which  the  sesamoids  rest,  serves  to  steady  the 
joint  and  to  prevent  lateral  motion  in  the  flexed  position, 
i^^jg^  The  Lateral  Ugmmnts  (PL  XXXIV,  S)  are  short 

^^■•°^**  and  very  strong.  They  radiate  from  the  depressions  on 
the  sides  of  the  head  of  the  metacarpal  bone  to  the  sides  of  the  base 
of  the  second  phalanx,  and  to  the  sides  of  the  sesamoid  bonest 
They  are  so  arranged,  with  the  greater  number  of  their  fibres  at- 
tached a  little  in  front  of  the  centre  of  motion,  that  they  are  most 
tight  wiien  the  joint  is  extended ;  and  they  serve,  therefore,  to  limit 
extension,  as  well  as  to  prevent  lateral  motion  when  the  joint  is 
extended.  When  the  joint  is  a  little  bent  they  are  relaxed,  and 
permit  some  lateral  motion  to  take  place.  If  the  joint  is  more 
bent  the  hinder  fibres  become  tightened ;  and,  pressing  the  bones 
closely  together,  they  serve  to  limit  flexion,  and  again  prevent 
lateral  motion.  They  are  connected  behind  by  ligamentous  fibres 
passing  from  one  to  the  other,  across  the  joint,  and  forming  a  loose 
capsule,  w^hich  c^ntribufjes  to  limit  flexion. 

The  two  Sesatnoid  hones  { Q)  receive  the  tendons  of 

SctttMOid  bones.    ,  ,  ^ 

the  short  nexor  muscle,  and  fulfil  the  several  purposes 
which  are  served  by  similar  bones  in  other  parts*  They  are  con- 
nected with  one  another  by  a  transverse  ligament  (i2),  upon  which 
the  long  flexor  tendon  plays,  and  with  the  fore  part  of  the  base  of 
the  phalanx  by  very  strong  short  ligamentoiLs  fibres  (T),  With 
the  metacaqial  bone  they  are  united  only  by  means  of  the  short 
flexor  muscle  and  a  few  fibres  of  the  lateral  ligaments  (S). 

Cft       fdiiii  When  the  joint   is   dislocated,    wliich   almost   always 

coity  in  n-  takes  place  from  the  phalanx  being  bent  forcibly  backwards, 
ttooioftiiu  the  sesamoid  bones  are  carried  back  with  the  phalanx  and 
'^'^^  become  placed  behind  the   head  of  the   metacarpal  bone, 

which  is  pressed  forwards  between  the  bellies  of  the  shoii  flexor  muscle. 
This  is  the  cause  of  the  dislocation  being  often  so  difficult  to  reduce ; 
for  the  displaced  sesamoid  bones  intervene  between  the  hinder  surface 
of  the  metacarpal  bone  and  the  anterior  surface  of  the  phalanx,  and, 
being  drawn  upwards  in  this  position  by  the  contraction  of  the  short 
flexor  muscle,  prevent  the  articular  surfaces  from  coming  into  contact,  and 
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offer  an  obstacle  to  tlieir  replacementt  wliicli  has  often  been  fonnd  insui'- 
nioim table.  That  this  position  of  the  sesamoid  bones  and  of  the  short 
flexor  muscle  is  reaUy  the  cause  of  the  difficulty  m&y  eaally  be  proved 
by  dislocatmg  the  bones  in  the  dead  subject  It  will  he  foimd  that  one 
or  both  the  lateral  ligaments  are  torn,  and  that  the  sesamoid  bones 
retain  their  connection  with  the  phalanx,  and  with  the  short  flexor 
muscle  in  the  manner  I  have  described*.  If  now  the  abort  flexor  be 
seized  with  the  forceps  and  kept  on  the  stretch  so  as  to  act  only  slightly 
upon  one  sesamoid  bone,  very  powerfiil  traction  may  be  used  without 
replacing  the  phalanx.  WTaereas  if  the  lower  end  of  the  sesamoid  bone 
be  hitched  a  little  forward  upon  the  head  of  the  first  phalanx,  or  even  if 
the  influence  of  the  short  flexor  be  relaxed,  the  didocation  is,  at  once, 
easily  reduced.  In  the  living  subject  the  difficulty  may  sometimes  be 
overcome  by  bending  back  the  phalanx,  and  so  tilting  the  lower  edges  of 
the  sesamoid  bonej?  downwardij  and  fon^^ards  upon  the  head  of  the 
metacarpal  bone*  If  a  case  resisted  traction,  tried  to  a  fair  extent,  I 
should  be  disposed  to  make  an  incision,  at  a  convenient  place,  sufE- 
ciently  large  to  admit  a  small  blunt  hook  with  which  I  would  endeavour 
to  pull  forwards  the  sesamoid  bones.  It  should  not  he  forgotten  that, 
though  the  sesamoid  bones  create  so  much  difficulty  in  reducing  the 
dislocation,  they  afford  very  great  protection  to  the  joint  against,  such 
displacement,  extending,  as  they  do,  the  area  of  the  osseous  surface 
articulated  with  the  metacarpal  bone,  ajid  converting  it,  from  an  almost 
flat,  to  a  deeply  concave  shape,  in  short,  constituting  a  quasi  olecranon 
to  the  base  of  the  phalanx  '. 


PlhJiIangc^al 


The  terminal  joint  of  the  thuml)  is  a  simple  hinge- 
joint  provided  with  Lateral  ligainenta^  which  are  strong, 
and  which  arise  fmm  depressions  on  the  sides  of  the  first  phalanx, 
at  points  about  corresponding  with  the  axial  line  of  motion  of 
the  joint.  They  are  implanted  into  the  projecting  lateral  margins 
of  the  second  phalanx  near  its  ba^se,  and  into  the  edges  of  the 


^  In  adisBeoted  fpecimen  in  tbe  Berlin  museum  the  same  tbln^  ui  iecn,  Tbe  mi&* 
moid  bdneii  are  thrown  biLck  with  i\\e  phalnnxj  and  the  head  of  the  metacarpal  lione 
pPMetit*  between  the  belliea  of  the  short  flexor  muscle. 

•  Velpeau  h«  twice  Been  the  first  phalanx  of  the  thiimb  pass  in  front  of  the  meta- 
carpal boQe ;  and  in  the  first  example,  which  had  occurred  three  days  previoualy,  he,  at 
well  afl  MM.  Bougon  and  Roux,  failed  in  their  endeavour*  to  reduce  it. 
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sesamoideal  body.  They  are  in  a  state  of  Dearly  equal  tension  in 
every  position  of  the  joint.  Perhaps  they  are  somewhat  more  tight 
when  forced  extension  is  attempted  than  at  other  times;  but  the 
difference  is  not  great. 

On  the  palmar  surftice  of  the  joint  is  a  Sesamoid 

Befliimold  bodj  ^ 

hod^  ( W")  composed  of  a  flattened  lump  of  fibro-cartilage 
with,  in  some  instances,  a  bony  nucleus  or  sesamoid  bone  in  its 
interior.  This  body  lies  beneath  the  flexor  tendon  and  serves 
to  increase  ita  power  by  throwing  it  out  from  the  joint,  and  dis* 
tancing  it  from  the  centre  of  motion.  Like  the  sesamoid  bones 
of  the  raetacarpo-plialangeal  joint  it  is  only  slightly  connected 
with  the  bone  on  the  proximal  side  of  the  joint,  and  that  chiefly 
through  the  medium  of  the  lateral  ligaments  which  run  into  its 
edge.  It  is  united  by  tough  ligamentous  fibres  to  the  base  of  the 
distal  phalanXj  and  follows  it  in  its  movements. 

Accordingly,  as  in  the  case  of  the  preceding  joint»  it  serves 
euityLnre-  to  prevent  dLslocation  of  the  lust  phalanx  backwards;  and 
du^g  diidoQi'  ^jj^j^  ^-^^^  accident  does  take  place  it  is  carried  with  the  dis- 
placed bone  behind  the  head  of  the  Ist  plialanx.  Being  here 
placed  between  the  two  articular  aui-faces  it  prevents  tlieir  coming  into 
contact  when  attempts  at  reduction  are  made ;  and  the  greater  the  force 
which  is  exerted  the  more  tightly  is  it  wedged  between  the  two  bones, 
I  have  proved  this  to  be  so  by  experiments  on  the  dead  body.  In  ona 
case  of  compound  dislocation  in  which  powerful  extension  and  divers  ' 
expediente  to  reduce  the  bones  had  been  made  for  more  than  an  hour  by 
myself  and  others  without  success,  I  contrived  to  carry  a  probe  to  the 
back  of  the  joint  beneath  the  aesamoid  body  and  tilted  wp  its  lower  edge; 
the  dislocation  was  immediately  reduced  and  without  any  further  dif- 
ficulty. 


JOINTS  OF  THE  FIKGEKS. 

The  metacnrpo-phalangeal  and  the  phalangeal  joints  of  the 
fingers  resemble  those  of  the  thumb  very  closely.  On  the  palmar 
surface  of  the  metacarpo-phalangeal  joints  are  thick  plates  of  fibro- 
cartilage,  which  are  joined  together  by  strong  tranarerae  ligaments 
binding  the  metacarpal  bones  together.     They  are  grooved  by  the 


■ 
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flexor  tenilons ;  ami  tendinous  expansions  pass  from  tlieir  edges  over 
the  tendons.  Tlie^^e  Sesamoid  bodies^  like  the  seaamoid  bones  of 
the  thumb,  are  connected,  at  their  sides,  with  the  lateral  ligaments. 
Their  upper  edges  are  slightly  united  with  the  metacarpal  bones, 
and  their  lower  ed^e8  are  more  closely  bound  to  the  phalanges. 
They  aen^e  the  purpose  of  preventing  dislocation  backwards,  and 
of  distancing  the  tendons  fi'om  the  centres  of  motion.  They  fol- 
low the  pimknges  in  the  movements  of  the  joints  and  in  disloca- 
tions, but  do  not  offer  so  formidable  an  obstacle  to  the  reduction  of 
the  bones  as  in  the  case  of  the  thumb*  Seaamoid  bones  are 
occasionally,  though  rarely,  developed  in  them';  they  are  most 
frequently  found  on  the  radial  side  of  the  index,  and  on  the 
ulnar  side  of  the  little,  finger*  Sesamoideal  fibro-cartilages,  simi- 
lar in  shape,  connections,  and  nse^  to  that  in  the  second  joint  of 
the  thunxb,  are  found  on  the  palmar  surfaces  of  each  of  the  pha- 
langeal joints  of  the  fingers.  They  are  much  smaller  than  that  in 
the  thumb ;  and  I  am  not  aware  that  bone  is  ever  developed  in 
them^.  Tliey  are  all  more  intimately  connected  with  the  dLstal 
than  with  the  proximal  bones  of  the  several  joints,  and  are  to  be 
regarded  as  apjien Jages  to  the  former  rather  than  to  the  latter ;  in 
the  same  manner  as  the  olecranon  is  an  ap[jendage  to  the  ulna 
rather  than  to  the  humerus,  and  the  patella  to  the  tibia  ratlier  than 
to  the  femur* 


*  MorgAgni,  adv.  anaf.  i ;  ofttmacfv.  30^  p.  64. 

*  Tig,  Monographic  der  Seknenrollent  Prag.  i8«3,  Erstc  AbBchnitt,  s.  3,  dencnbca 
these  bodies  under  the  name  ot  SehnenroU^nt  and  gajs  that  tbey  i^re  pi-escnt^  throughout 
the  matataaliA.n  class,  on  the  flexor  nide  of  the  6ngers  and  toe«i  wherever  the  modern  en  ta 
are  free,  juid  that  wheiierer  seBamoid  bon€t  are  der  eloped  io  those  of  the  proximate 
joints  they  are  getierally  in  piairf,  whilst  in  those  of  the  diatal  joints  they  aro  aingie. 
In  tho  Ape,^  he  says,  there  are  two  sesamoid  bones  in  the  Sefinoirollen  of  rach  of  the 
metacarpO' phalangeal  joints  of  the  four  fingers  and  of  the  thumh^one  on  the  radial, 
tbe  other  on  the  ulnar  side —  ;  whereaa  in  the  ungual  joints  there  are  neither  sesamoid 
bones  nor  SeknenroUeiif  which  is  an  eitception  to  the  general  rule  in  mamnuds. 


THE   PELVIS 


The  ring  the  *^^  ^  bonj  ring  interposed  between  the  spine  and  the 
MWflOAipftrt:  lower  extremities,  so  as  to  transmit  the  weight  of  the 
head  and  trunk  from  the  fanner  to  the  latter.  The  essential  part 
of  the  pelvis  is  the  circle  which  separates  the  true  from  tlie  fabe 
pelvis,  and  which  is  formed,  above  and  behind,  by  the  upper 
portion  of  the  sacrum  ;  below  and  in  front,  by  tlie  upper  part  of  the 
pubic  bouea  together  with  the  symjihyflis ;  and,  on  the  sides,  by  the 
liiieas  ilio-pectiiiege,  and  the  adjacent  thick  middle  portion  of  the  iliac 
bones.  This  circle  is  connected  with  the  Bpine,  alxjve,  in  the  middle 
line,  and  mth  the  thigh-bones  on  the  sides;  and  it  is  the  direct 
means  by  which  the  weight  is  conveyed  from  the  Bpine  to  the  ex- 
tremities. It  is  placed  very  oblif|ueIy,  forming  an  angle 
of  from  60^  to  65*  with  the  ground  on  which  we  stand'. 
When  the  pelvis  is  in  this  position,  that  is,  when  a  man  stands 
erect,  the  transverse  plane  of  gravity  of  the  head  and  tmnk,  de- 
scending vertically  through  the  chords  of  the  curves  of  the  vertebral 
column  (p»  148),  and  through  the  promontory  of  the  sacrum, 
traverses  the  heads  of  the  thigh-bones,  and  passes  through  the 
lower  extremities  to  the  ankl&^i. 

The  ring  of  the  pelvis  is  by  no  means  a  true  circle. 
It  is  rather  heart-shaped.  Its  transverse  diameter  ex- 
ceeds the  antero-postcrior  in  the  proportion  of  5  to  4;  and  the 
widest  part  is  a  little  above  the  acetabula.  If  an  imaginary  trans- 
verse division  of  the  pelvic  ring  be  made  here,  the  upper  half  is  a 
wide  arch  with  a  flattened  or  slightly  depressed  centre  at  the  pro- 


itH  uigle  of 
iudtnalion : 


lU  shape: 


^  N&egele,  U0ber  dtu  fDeiblieke  Bedim,  and  Webor,  Oehwerhzeitffe,  Accoi^ng  to 
the  former,  the  extremity  of  the  coccyx  U,  in  the  female,  m  the  erect  posture,  situate 
in  a  horizontal  plane  eeven  linea  above  the  lower  edge  of  the  symphyBia  pul)i« ;  the 
upper  edge  of  the  symphyHia  being  tn  the  same  plane  with  the  lower  edge  of  the  veoond 
bone  of  the  ooccyi. 
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montory  of  the  sacrum,  and  with  its  crura  resting  upon  the  tliigh- 
bonea.  The  shaj^  of  the  curve  of  the  lower  division  of  the  ring  is 
different  from  that  of  the  upper  one,  being  most  arched  in  the  middle, 
i*e.  at  the  symphysis  pubis,  and  most  flattened  at  the  Bides  in  the 
situation  of  the  linece  ilio-pectineae. 

It  results  from  this  configuration  of  the  pelvic  ring  that 
Ito  we«k  point!,  j^  ^  weakest  at  ^ve  points ;  viz.  atj  or  a  little  external  to, 
both  eacro-iliac  synchroudroaes,  at  the  symphysis  pubis,  and  midway 
between  the  latter  and  the  acetabula.  Hence  fractures,  whether  from 
foils,  blo\*^,'  or  foreign  bodies  passing  over  the  pelvis,  are  most  frequent 
at  these  {Kjints,  and  the  bones  most  commonly  yield  in  them  in  cases  of 
rickets  and  mollities. 

The  pelvis  can  be  moved  in  any  direction  upon  the 
tttiaaoMi  itpoo  head  of  either  thigh-bone,  in  consequence  of  the  hip 
being  a  perfect  ball-and-socket  joint.  lp\Tien»  however, 
both  lower  extremities  are  placed  firmly  upon  the  gronnd,  the 
pelvis  can  be  moved  in  one  direction  only,  which  is  that  of  rotation 
upon  a  transverse  axis  drawn  through  the  heads  of  both  thigh- 
bones. By  this  movement,  its  angle  of  inclination  is  altered  with 
regard  to  the  ground,  but  not  much  with  regard  to  the  spinal 
column,  which  is  carried  with  the  pelvis,  and  which  communicates 
to  the  trunk  an  inclination,  forwards  or  backwards,  proprjrtionate  to 
the  movement  of  the  pelvis.  The  trunk  is  thus,  in  some  measure, 
firmly  placed  upon  the  extremities;  and,  while  the  latter  are 
steady,  can  be  moved  only  in  one  vertical  plane.  Still,  as  it  ig 
balanced  in  this  plane,  in  an  unstable  equilibrium,  upon  the  smooth 
slippery  surfiices  of  the  heads  of  the  thigh-bones,  there  would 
necessarily  have  been  great  insecurity,  if  the  pelvis  had  depended 
for  its  further  fixity  entirely  upon  muscular  tension.  Moreover,  in 
the  propulsion  of  the  pelvis  and  trunk  forwards  by  the  lower  ex- 
tremities, much  po^ver  would  have  been  lost  had  it  been  necessary  to 
prevent  the  backward  inclination  of  the  trunk  solely  by  muscular 
force.  Accordingly  an  additional  provision  is  furnished  in  the 
ligamenta  of  the  hip-joint,  which  are  so  disposed  tliat,  when  the 
body  is  upright,  they  are  quite  tight  and  prevent  any  further 
rolling  of  the  pelvis  and  trunk  backwards  upon  the  thighs.     Hence 
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the  only  direction  in  wliicli  the  pelvis  and  tiiink  can  be  moved, 
from  the  erect  posture,  upon  the  extremities,  when  the  latter  are 
kept  fixed,  is  that  of  rotation  forwards,  which  is  one  reason  that 
the  trunk  commonly  falls  forward  when  volition  is  suddenly  with- 
drawDj  as  in  fainting,  epilepsy,  &c. 

PtDOMseipro-  From  the  ring  of  the  pelvis,  which  is  thus  the  ea- 

jecUi^K  npwiirdj  gential  Or  basemeot  portion  of  the  structure,  Processes 

«&d  downwards  * 

from  the  pelvic  projcct  upwards  and  downwards,  for  the  purpose  of 
aifording  leverage  to  the  muscles  which  roll  the  trunk 
upon  the  thighs,  and  of  protecting  the  internal  organs.  The  largest 
of  these  processes  are  the  al^E  of  the  iliac  bones,  which  rise  upwards 
and  outwards,  forming  what  is  called  the  *'  false  pelvis,"  support- 
ing the  abdominal  viscera,  and  giving  attachment  to  the  abdominal, 
gluta!al,  and  other  muscles.  Five  processes  run  downwards  and 
form  Ihe  *'tme  pelvis;''  viz,  the  Sacrum  in  the  middle,  and  the 
Pubic  and  Iscliiaiic  bones  on  either  side.  These  five  are  united 
together  below,  the  two  latter  by  bone,  and  the  iscliia  and  the 
sacrum  by  the  strong  sacro^sciatic  ligaments.  By  this  means  the 
lower  part  of  the  pelvis  is  strengthened,  and  an  inferior  circle  is 
formed,  which  is  called  the  Inferior  strait,  and  which  is  widest 
beneath  the  pubic  arch.  The  Sacro-sciatic  and  Obturator  foramina 
are  openings  left  between  these  processes^  for  the  sake  of  lightening 
the  pelvis,  and  of  affording  space  for  the  transmission  of  vessels 
and  nerves  to  the  lower  limbs. 

^^^  The  leverage  which  these  processes  afford  is  ad  van- 

to  ejttcDwr^  tageons  in  proportion  to  the  distance  at  Tvhich  they  are 
placed  from  the  plane  of  the  axis  of  motion,  that  is, 
from  an  imaginary  plane  carried  upwards  and  downwards  through 
the  heads  of  the  thigh-bones.  When  the  pelvis  is  in  the  erect  posture, 
and  when  the  trunk  is,  consequently,  nearly  balanced  upon  the  lower 
extremities,  the  several  processes  are  all  comparatively  near  to  this 
imaginary  plane,  and  the  leverage  afforded  to  the  muscles  is  slight, 
"When,  on  the  other  hand,  the  pelvis  is  inclined  forw^ai-ds,  and,  the 
balance  of  the  trunk  being  lost,  the  difficulty  of  maintaining  the 
position  is  increased,  then  the  several  processes — the  sacrum,  ischia- 
tic  tubera,  and  anterior  spines  of  the  ilia  at  least — become  gradually 
more  distanced  from  the  axial  plane,  and  the  leverage  presented  by 
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them  is  proportionately  increased.  By  virtue  of  the  additional 
power  whieii  Is  thu^  given  to  the  miiBcles,  we  are  enabled  to 
maintain  a  stooping  posture  for  some  time  and  with  much  steadi- 
ness, as  well  as  to  exert  great  force  in  extending  the  trimk  upon 
the  thighs. 

It  has  been  already  stated  that  the  constniction  of 
ofieveage  tlic  ligaments  of  the  hip  is  such  as  to  prevent  the  incli- 
fSonT*^^  nation  of  the  pelvis  backwards  beyond  tlie  erect  posture. 
The  flexor  mtiscles  have,  therefore,  light  work  to  per- 
form in  comparison  with  their  opponents;  for  when  the  body  is  erect, 
the  extensors,  combined  with  the  ligaments  of  the  hip,  are  sufficient 
to  keep  it  so  without  any  assistance  from  the  flexors.  Moreover, 
the  work  of  bending  the  body  downwards  and  forwards,  which  de- 
volves upon  the  flexors,  is  not  nearly  so  arduous  as  that  of  raising 
it  upwards  and  backwards,  which  devolves  upon  the  extensors. 
The  former  set  of  muscles  are  attached  to  the  processes  in  front  of 
the  axial  plane;  and  it  will  be  observed,  that  these  project  very 
little,  and  afford,  consequently,  but  slight  leverage ;  and  the  most 
prominent  of  them — the  os  pubis— project**  less  and  less  in  propor- 
tion as  the  body  is  more  and  more  bent.  The  processes,  on  the 
other  hand,  wliich  are  situated  behind  the  axial  plane,  and  give  at- 
tachment to  the  extensor  muscles,  stand  out  more  strongly  so  as  to  af- 
ford a  better  leverage  to  those  muscles;  and  they,  the  ischiatic  ttibera 
more  particularly,  project  fiirther  backwards  in  pn^portion  as  the 
trunk  is  bent  forwards,  so  as  to  afford  to  the  muscles  an  increasing 
leverage  as  the  ofBce  they  have  to  perftirra  becomes  more  difficult, 
nifflraityof  "^^^^  work  of  causing  the  pelvis  to  revolve  upon  its 

raiaUi^tniiik     axis,  80  as  to  hrinff  the  tnmk  from  a  stoopiner  to  an 

from  ftooplQg  .  . 

toeracipoft-  erect  posture,  is  one  of  the  severest  efforts  which  our 
muscles  are  called  upon  to  make,  both  in  consequence 
of  the  great  weight  to  be  raised,  and  in  consequence  of  the  length 
of  leverage,  measured  by  the  distance  of  the  head  in  front  of  the 
hips,  in  which  that  weight  is  disposed  when  tlie  body  is  much 
bent.  The  largest,  strongest,  and  coarsest  muscles  in  the  body — 
the  glutsei- — are  assigned  to  the  ta^k,  and  they  are  attached  to  the 
back  of  the  sacrum  and  the  hinder  parts  of  the  ilia ;  that  is,  to 
the  parts  of  the  pelvis  most  favourable  to  their  action. 
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The  great  width  of  tlie  iliac  bones,  and  the  outwai 
slant  of  their  alae,  as  well  as  tlie  width  and  strength  of 
toiixpeiTiL      ti^g  ischiatic  bones,  is  also  for  the  purpoBe  of  affordiiij 
attachment  to  muscles  and  of  enabling  tlienn  to  fix  the  pelvis  upon 
the  thighs,  and  of  preventing  too  great  inclination  to  either  side 
when  the  weight  is  supported  upon  one  limb,  as  in  walking. 

The    prominent,    thick,    blunt    tuberosities   of  the 

LowfTprooesiea  ,        . 

wUpiadfor  ischia  ai*e  placed  immediately  under  the  acetabula,  in 
such  position  that  when  the  trunk  is  erect  the  transverse 
plane  of  gravity  falls  tlirougli  their  fore  paat.  We  are  thus  balanced 
upon  them  when  sitting  upright,  or  when  inclined  a  little  back- 
wards. If  we  le-an  further  back  tlie  weight  falls  partly  upon  the 
sacrum ;  and  we  then  rest  upon  the  tripod  formed  by  the  ischiatic 
tubera  and  the  sacrimi.  The  latter  bone  is  curved  forward  at  its 
lower  part  to  afford  a  greater  basis  of  support,  and  to  permit  of  our 
sitting  with  comfort^  or  of  our  rolling  to  and  fro  upon  our  seat. 
Had  it  descended  Btraight,  as  it  does  in  most  of  the  lower  animals^ 
it  would  have  projected  to,  or  beyond,  the  level  of  the  ischia,  and^ 
by  its  pointed  shape^  would  have  interfered  greatly  with  our  com- 
fort. The  bend  of  the  sacrum  forwards,  moreover,  server,  in  the 
erect  posting,  to  suppoit  the  viscera. 

This  bend  of  the  sacrum  gives  to  the  interior  of  the 
cavity  of  the  tme  pelvis  a  curve^  which  is  peculiar  to 
the  human  subject,  and  which  constitutes  one  of  the  diflSculties 
in  partiuition;  for  the  head  of  the  child  has  to  follow  this  cxirve, 
and  has,  consequently,  a  less  easy  passage  than  if  the  pchHs  had 
been  straight.  An  imaginary  line  following  the  curve,  and  drawn 
through  the  centre  of  the  pelvis,  so  as  to  fall  at  right  angles  upon 
the  upper,  lower,  and  various  intermediate,  antero-posterior  diame- 
ters, is  called  the  axis  of  the  pelm's. 

BiMimd  shape  ^o  meet  the  difficulty  resulting  from  the  curved  form 
ofcaritj.  of  tbe  pelvis  and  from  the  large  size  of  the  foetal  head, 
the  depth  of  the  cavity  is  reduced,  and  the  transverse  diameter  of  the 
pelvis  is  increased,  in  comparison  with  that  of  the  lower  animals,  so 
that  the  apertures  have  a  more  circular  shape  than  in  the  latter. 
These  peculiarities  are  most  marked  in  the  pelvis  of  the  female.  More- 
over, the  shape  of  the  cavity  varies  in  different  parts  of  its  depth. 
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*ti5,  at  tlie  uppL-r  npeitui'e,  or  brim,  the  transverse  diameter,  me.a- 
suring  about  5,4  inches  in  the  well-formed  female  pelvis,  \&  greater 
than  the  antero-posterior  diameter,  which  meaflures  4.4  inches,  or 
than  the  oblirj^ne  diameter,' which  is  4*8  inches.  In  the  middle  of 
the  cavity  the  presence  nf  the  obturator  or  sciatic  holes  renders  the 
oblique  diameter,  which  is  here  5.2  inches,  greater  than  any  other ; 
the  antero-posterior  diameter  is  here  4,8,  and  the  transrerse  4.3 
inches.  At  the  lower  part,  or  inferior  outlet,  the  pubic  arch,  together 
with  the  mobility  of  the  coccyx,  clauses  the  antero-posterior  dia- 
meter, drawn  from  the  extremity  of  the  coccyx  to  the  lower  edge 
of  the  symphysis  pnbis,  to  be  the  greatest;  it  measures  about 
5  inches,  the  transverse  being  4.3,  and  the  oblique,  from  the 
middle  of  the  sacro-sciatic  ligament  to  the  ramus  of  the  ischium 
and  pube^s,  4.8. 

FauMflTirf  '^^   fcetal   head   is  of  oval   shape,   with   the   greatest 

*"**1*»*"^  diameter  from  before  backwards;  and,  in  its  passage  through 
the  pelvis,  it  is,  ae  a  general  rule,  so  placed,  by  the  mere  pressure  of  the 
BiuToimding  parts,  that  its  longest  diameter  is,  at  each  stage,  accom- 
modated to  the  greatest  diameter  of  the  pelvis.  Accordingly  in  the 
first  stage  of  parturition,  the  head\  as  it  enters  the  pelvis,  is  placed 
transversely,  the  occiput  beiog  directed  towards  «^no  ilium,  and  the  &oe 
towatxls  the  other ;  the  narrowest  end  of  the  oval  which  the  bead  pre- 
sents, namely  that  formed  by  the  oceiput,  takes  the  precedenca  During 
the  second  stage,  as  the  head  descends  through  the  pelvis,  it  undergoes 
a  half-quarter  turn,  so  that  in  the  middle  of  the  cavity  the  occiput  is 
turned  towards  one  obturator  hole,  and  the  face  towards  the  opposite 
sciatic  hole*  The  rotation  continuing  with  the  progress  of  labour,  the  head 
undergoes  u.  further  half-quarter  turn ;  so  that  in  the  la^^  st^ge,  during  the 
transit  through  the  inferior  outlet  of  the  pelvis  and  along  the  vagina,  the 
occiput  is  directed  forwards  under  the  pnbic  arch,  and  the  face  is  turned 
towards  the  sacrum  and  coccyx.  The  twist  or  screw- like  movement, 
which  is  thus  given  to  the  fcetal  head  in  its  progress  through  the  pelvis, 
has  the  further  advantage  of  rendering  its  passage  more  easy  than  it 
would  have  been  if  the  same  direction  had  been  preserved  during  the 
whole  process. 


^  For  ttiiM  of  frequeDcy  of  bead-preBentfttioos^  see  p.  95^ 
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The  ftccottcheur  will  fall  into  mi^jtakes  who  13  not  aware  of  this 
peculiarity  in  the  shape  of  the  pelvis,  and  of  the  rotation  which  the 
Lead,  in  consequence,  undergoes.  Thus,  in  protracted  cases  of  labour, 
where  the  head  rests  at  the  upper  apeHure  of  the  pelvis,  it  is  often 
erroneously  supposed  that  the  trausverse  position  of  the  cranium  ia 
the  eauae  of  the  difficulty.  Moreover  when  forceps  are  necessary,  the 
direction  in  which  they  are  passed  should  be  varied  according  to  the 
part  of  tlie  jiel^ds  in  which  the  htiad  may  be  placed. 

It   may  have   been   observed   from  the  measurements 

Lower  outlet 

tb«  tuuTowest  given  above  that  the  upper  aperture  of  the  pelvis  is  aome- 
iMJt  u  pe  viis.  ^jj^^  ^jj^  largest,  and  the  lower  the  smallest  part  of  the 
cavity ;  hence  difficulty  in  labour  is  most  frequent  in  the  latter  situation, 
especially  as  years  advance,  when  the  size  of  this  aperture  becomes 
further  diminished  by  the  stiffness  of  the  sacro-coccygeal  and  coccygeal 
joints,  and  by  the  general  want  of  suppleness  of  the  adjacent  tissues. 
The  surgeon  also  should  be  mindful  of  the  general  shape  and  of  the 
curve  of  the  pelvis  in  his  operations  upon  the  viscera  contained  in  it. 
More  particidarly  in  passing  instruments  into  the  rectum  he  should 
remember  that  the  bowel  follows  the  curve  of  the  sacrum,  and  that  a 
straight  instrument  ia  likely  to  meet  with  obstruction  when  it  comes 
into  contiguity  with  the  [promontory  of  that  bone.  The  difficulty  thus 
created  has,  in  many  instances^  eatised  a  false  suspicion  of  the  existence 
of  stricture  ia  this  |>art  of  the  bowel. 

The  pelvis  of  the  Female  is  altogether  a  lighter^  more 
twwn  iiui«  AQd  expanded,  and  less  compact  structure  than  that  of  the  male, 
femftie  peiru  j^  proce88«s  BTe  shortcr  and  fui-ther  apart,  its  cavity  shal- 
lower and  wider,  and  the  several  diameters  are  somewhat  greater,  particu- 
larly the  transverse  diameter  of  the  brim,  which  measures  5.4  inches,  that 
(tf  the  male  being  only  5.L  The  antero-posterior  diameter,  measunng 
iA  inches,  does  not,  to  so  great  a  degree,  exceed  that  of  the  male,  which 
measui'es  4.3  inches.  The  obturator  and  aacro- sciatic  foramina^  as  well 
as  the  apertures,  are  larger.  The  sjrmphysis  pubis  is  less  deep,  and  the 
pubic  arch  is  considerably  wider  j  the  junction  of  the  rami  of  the  pubes 
at  the  symphysis  has  been  estimated  to  form  an  angle  of  90*  or  100*, 
whereas  in  the  male  it  does  not  exceed  80**  or  90**-  The  sacrum  is 
curved,  is  wider,  and  is  directed  more  backwards  from  the  promont 
The  width  of  the  forepart  of  the  pel™  outlet  i»  increased;  and  the 
escape  of  the  fcetua  is  ^irther  facilitated,  by  the  slope  from  within  outwards, 
which  is  given  to  the  rami  of  the  ischinm  and  pubes  near  their  junction. 
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All  the  Hgaments  uDiting  the  aeveral  bones  are  said  to  be  ratlier  softer 
and  more  yielding.  It  is  ecaroelj  necessaiy  to  add  that  these  peculi- 
arities of  the  female  pelvis  have  reference  chiefly  to  the  work  of 
parturition. 

Pel irf* before  ^*  birth  the  pelvis  is  proportionately  of  j?mall  size; 

poikertj,  g|i(j  i^  shape  djflers  from  that  of  the  adult  both  male  and 

female^  but  chieiy  fi*om  that  of  the  latter,  and  approximates  somewhat 
to  the  pelvis  of  the  lower  animals.  Thus  the  antero-ixjsterior  dia- 
meter equals  or  exceeds  the  transverse  (p»  110);  the  ca\4ty  is  deeper, 
the  sacrum  is  less  curved,  and  the  projection  of  ita  promontory  forwards 
ia  less  marked  This  latter  i>eciiliarity  is  assixjiated  with  a  straighter 
opine,  and  with  a  greater  aiiiDimt  of  inclination  of  the  peh'is.  The  pubes 
is  rather  lower,  and  the  hinder  part  of  the  alie  of  tlie  ilium  is  propor- 
tionately higher  than  in  the  adult.  Hence  the  bladder  is  situated  at  a 
somewhat  higher  point  in  relation  to  the  piil>es  in  the  little  child, 
which  should  be  borne  in  mind  in  performing  the  Ojjeration  of  litho- 
tomy. As  growth  proceeds,  and  as  the  spine  becomes  more  curved,  the 
pelvis  gradually  acquires  more  of  the  adult  shape;  the  promontory  of 
the  sacrum  becomes  more  pronounced;  the  alie  of  the  ilium  become 
slanted  more  outwards ;  and  the  rami  of  the  pubic  and  iachiatic  bones 
become  more  separate,  diminishing  the  relative  depth  of  the  symphysis 
pubis.  But  it  is  not  till  after  puberty  that  the  distinctive  peculiarities 
of  the  male  and  female  |K?lvi«,  jmrticularly  the  prejjondenmce  of  the 
transverse  diameter,  are  observed^.  Hence,  at  first,  the  pelvis  bears  a 
ainiilaiity  to  that  of  the  lower  animalt*;  about  puberty  it  accords  in 
both  sexes,  nearly,  with  the  type  of  the  adult  male  pelvis;  and  after 
puberty  the  female  pelvis  acquires  its  characteristic  shape*.  In  old 
age  the  pubea  becomes  lower  again  in  consequence  of  the  inclination 
of  the  trunk  forwanis ;  and  the  enlai-gement  of  the  prostate  oilen  causes 
the  bladder  to  ancend  higher  above  the  symphysis. 
Monkey'n  ^^^  Quadrumana  the  pelvis  is  longer,  and  is  placed  more 

i»ItU,  In  a  line  with  the  spina     The  upper  aperture  is  narrow^ 


1  Indeed  it  would  seem  th&t  BometimeB  the  HDtero-posterior  diameter  increaaea  in  a 
gmfttm-  ratio  thiui  the  transverse,  up  to  puberty.  The  meaaurementa  given  at  p.  no 
do  not,  however,  prove  thia  to  he  the  rule. 

•  It  appears  that,  occasionally*  in  consequence  of  arrest  of  development,  the  pelvia 
retaina  the  triangtilar  infatitile  sbape,  with  prolonged  antero'posterior  diameter. 
Specimf^na  to  iUuatrate  this  fact  are  preaenred  in  the  Maa^  Dupnytren. 
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and  elongated  from  behind  forwards,  so  that  the  antero-jiosterior 
meter  meaisuie^  more  than  the  transverse  (|j.  K)6);  and  the  npper  edge 
of  the  pnbes  is  on  a  line  with^  or  is  lower  than,  the  bottom  of  the  coccyx. 
The  sacrum  is  nearly  straight;  and  its  promontory  ia  less  marked,  in 
accordance  with  the  straighter  shape  of  the  spine  and  the  smaller  size 
of  the  lumbar  vertebrte.  The  pubic  bones  are  broad  and  deep.  The 
iliac  bones  are  long  and  straight,  but  narrow  in  proportion  to  their 
length ;  they  are  directed  transversely  outward  from  the  sacro-iliac  sym* 
physis,  m  aa  to  be  almont  in  the  same  plane  with  the  sacrum;  their 
inner  and  interior  surfaces  are  nearly  flat,  and  their  posterior  sur&oes 
are  concave  for  the  attachment  of  tht*  glutieal  muscles.  Tlie  ischial 
tubem  are  slanted  from  before  backwards  and  outwards,  in  a 
marked  manner  than  in  the  liuman  pelvis. 

The  pelvis  of  the  Negro  is  smaller  in  all  its  dimensions  than 

Negro'i  pelvis.       *  »     ,       ti  ,  ,.1  , 

that  of  the  European,  and  presents  a  slight  genei-al  approxi- 
mation to  that  of  the  monkey;  more  particularly  in  the  deficiency  of 
its  width  (p,  1 06).  Tliere  is  a  greater  difference  in  this  respect  between 
the  male  and  female  in  the  Negro  than  in  the  European  sexes,  so  much 
80  that,  as  remarked  by  Hildebrandt,  it  is  often  difficult  to  believe  that 
the  specimens  belong  to  members  of  the  same  race.  In  some  of  the 
male  Negroes  the  small  f<ize  of  the  pelvis^  and  {particularly  the  shortness 
of  the  ti'ansverso  diameter,  is  very  remarkable.  In  many  of  the  females 
it  is  as  lai-go  as  in  the  European  female ;  the  avenige  aij&e,  however,  is 
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Fig.  I,     Pfllvif  &t  birth  (Europemi).     Trfttia.  dimm.  1,3  ;  &nt,  post,  di&m.  1.3. 

Fig.  1.  Pelvis  (with  5tb  lumbar  TerUbm)  of  European  fenuile,  i^t.  11.  Trani. 
diam*  3.8  ;  mt,  poit.  diam.  3, 

¥\g.  5.     Felvifl  of  European  nude  adult,     Tr&iui.  diam.  5.1  ;  ant.  }>ost.  dbm.  4.4. 

Fig.  4.  Peln«  (witli  5tli  lumbar  verk)  of  Negro  female  adolt,  Tr&na.  fliam.  5.4  ; 
ant.  poflt.  diam.  4.3. 

Fig.  5.  Pelvb  (with  5tli  lumbar  rert.)  of  Negro  male  adult.  Trana.  diam.  4  ; 
ant.  poet.  diam.  3.S. 

Fig.  6.  Pflvi«  (with  5th  lumbar  vert.)  of  European  female  adult.  Trans,  diam. 
5-7  ;  aat.  po«t.  diam.  4.5. 

Fig.  7.  Pelvi«  (with  two  lumbar  vert.)  of  largo  monkey.  Trann.  diam.  1. 7  ;  ant, 
pn«t.  dtam.  3. 
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somewEat  less,  in  accordance  with  the  slight  inferiority  of  the  dimen- 
siona  of  the  fa^tal  bead  in  the  Negro.  Partuntion  is  also  facilitated  hy 
the  sacruiii  being  somewhat  less  curved  in  the  Kegro  than  in  the 
European. 

Variettaiiii  In  the  European  the  diiferenoes  in  size  between  differ- 

■**^  ent  members  of  the  same  sex,  aa  well  as  between  the  two 

sexee,  seem  to  be  less  than  in  the  Negro.  The  size  is  not  much  in- 
Muenced  by  stature.  Short  persons  are  comparatively  broad  across 
the  pelvis,  and  short  women  bear  children  as  well  as,  if  not  better  than, 
tall  one^  Examples  occasion  ally  occur  in  which  all  the  diameters  of 
the  pelvis  are  small,  constituting  what  is  called  if  is  equally  contrtKied 
pelvis.  The  deficiency  *'  may  not  be  more  than  a  cjuai-ter  of  an  inch  in 
evety  direction,  or  it  may  be  as  much  as  a  whole  inch.  We  do  not 
know  of  any  case  where  it  has  exceeded  this  last  degree."  The  "  equally 
contracted  pelvis  has  been  said  to  resemble  the  pelvis  of  a  girl  in  its 
general  appearance;  but  this  only  hokls  good  in  point  of  size;  for  in 
the  relative  proportions  of  its  diameters,  it  presents  all  the  characters 
of  a  well  formed  pelvis.  It  is  not  accompanied  with  a  correspondiDg 
diminutiveness  of  the  rest  of  the  skeleton,  most  of  the  patients  in  whom 
it  has  been  ol)served  being  well  formed  and  of  the  usual  stature.  For- 
tunately it  is  of  rare  occurrence,  for  even  a  very  small  diminution  in 
the  size  of  the  bony  passages,  which  is  uniform  in  every  directiQii^  pre- 
sents a  most  serious  obstacle  to  the  passage  of  the  child  ^.*' 
Deformitr  from  ^^  some  cases  of  Rickets^  where  the  lower  ejLtremities  are 
rickets  affected,  I  have  obser^^ed  the  pelvis  to  be  small,  and  to  have 

retained  the  infantile  type,  more  or  less,  both  in  the  proportion  of  its 
an tero- posterior  diameter  and  in  its  general  shape,  afllirding  another 
example  of  the  defective  development  and  growth  which  is  often  asso- 
ciated with  the  disease.  Far  more  commonly,  however,  the  pelvis  is 
modified^  not  so  much  in  size  as  in  shap^*,  in  consequence  of  the  bones 
bending  under  the  superincumbent  weight.  The  change  of  shape  usually 
takes  place  in  one  of  two  ways.  Either  the  antero-posterior  diameter  is 
reduced,  and  the  whole  front  of  the  pelvis  is  flattened,  the  symphysis 
pubis,  as  well  as  the  acetabula,  being  pressed  backw-ards  towards  the 
sacrum;  and  in  these  cases  the  sacrum  is  straighter  than  usual,  being  flat- 
tened out  in  both  the  transverse  and  longitudinal  directions,  the  ischiatic 
tubera  diverge  from  one  another,  being  slanted  outwards  and  backwards 


Rjgby*B  5yftem  of  Midwifery ^  m  the  TAbrary  of  MedtHnef  p.  1S4. 


448 


THE   PELVIS* 


in  a  preternatural  degree,  like  a  monkey's^  and  the  pubic  arch  is 
widened;  or,  instead  of  the  whole  fi^nt  of  the  pelvis  being  approxi- 
mated to  the  sacrum,  the  acetabula  only  are  pressed  inwards  and  back- 
wai'dg  towaixls  the  promontory  of  the  sacrum,  which  alao  advances  to 
meet  them,  so  that  the  upper  strait  of  the  pelvis  ia  reduced  to  a  tri- 
radiate  form,  In  the  latter  case  the  aacrum  is  pretematurally  curved, 
both  transversely  and  longitudinally,  and  the  ischiatic  tubera,  though  iu 
the  earlier  stages  they  may  he  rather  ecarie^  become  subsoqneBtly  pressed 
towarila  one  another,  and  the  pubic  arch  is  widened  I  do  not  know  to 
what  especial  causes  the  occuirence  of  one  of  these  shapes,  in  preference 
to  the  other,  in  jiarticular  cases  of  rickets  is  to  be  assigned ;  both  varie- 
ties take  place  in  that  disease,  and  with  nearly  equal  frequency;  per- 
haps the  former  rather  more  often  than  the  latter-  In  MoUUies  ossium 
the  abnormal  shajie  is  induced  after  the  time  when  the  pelvis  haa  at- 
tained its  full  growth,  and  the  triradiate  form  is  the  more  usual ;  indeed 
I  have  not  met  with  a  welbmarked  insttmce  in  which  the  front  of  the 
pelvis  waa  fattened  in  consequence  of  mollitiea  ;  and  most  of  the  sei^ere 
examples  of  the  triradiate  fKjlvis  ai*e  due  to  that  disease'. 

Other  deformities  occasionally  take  place  in  the  pelvis, 
cuiTfttur«of  Thus  lateral  curvature  oi  the  spine,  when  it  affects  the 
^^'^^^'  lumbar  portion  of  the  column,  may  be  continuetl  into  the 

aacrum,  which  becomes  curved,  and  its  component  veitebrae  become 
rotated  in  an  opposite  direction  to  the  lumbar  vertebrsB,  Thus  if  the 
lumbar  curve  be,  as  it  often  is,  to  the  left,  the  sacrum  will  be  curved  to 
the  right,  its  upper  margin  will  be  higher  on  the  right  side  than  on  the 
left,  and  the  rotation  of  its  component  bones  will  be  from  left  to  right, 
corresponding,  like  its  curve,  with  ilmt  which  takes  place  in  the  back. 
Under  such  circumstances  it  is  not  uncommon  to  find  the  alae  of  one  side 
of  the  sacrum,  the  concave  side,  or  the  one  which  is  rotated  forwai-ds, 
narrowed  as  much  as  a  third  or  a  half  of  its  width ;  and  tliis  causes  a 
proportionate  diminution  of  the  circle  of  the  pelvis  on  that  side,  and 
gives  it  a  peculiar  oblique  appearance  a«  if  it  were  awry,  The  change  is 
accompanied  by  a  tilting  of  the  pelvis  from  its  proper  level,  the  iliac 
crest  being  highest  on  the  side  opposite  to  that  on  which  the  shortening 


^  I  think  the  term  (riradmU  better  than  triangular  for  this  deformity^  inoksiimch 
^M  it  more  oorroctly  indicates  the  shape  aasuniedj  and  because  the  ktter  term  may  be 
tiBed  to  designate  the  pelvia  with  preternatural  elongation  of  the  antero- posterior 
diameter,  in  which  the  shape  of  the  brim  is  more  or  less  triangular. 
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takes  place;  and  there  is  commonly  ankylosis  of  the  joint  between 
the  narrowed  ala  of  the  sacnim  and  the  adjacent  iliac  bone.  It 
seems  not  improbable  that  this  continuation  of  a  spinal  curvature  into 
the  sacrum,  and  the  changes  resulting  from  it,  are,  in  some  inBtances 
at  least,  the  cause  of  that  deformity  of  the  pelvis  which  has  been 
described  by  Naegele,  as  a  special  malformation,  under  the  name  of 
pelvia  oblique  ovcUa\  and  which  is  regarded  by  him  as  b  congenital 
defect.  In  all  the  examples  represented  in  bis  treatise,  aa  weU  as  in 
those  described  by  Reiki tansky,  and  in  others  which  t  hare  seen,  the 
sacnim  and  lumbar  portion  of  the  spine  are  curved  in  a  manner  corre* 
sponding  with  what  takes  place  in  lateral  curvature  of  the  spine.  Still 
it  may  sometimes  be  difficult  to  decide  whether  the  curvature  in  the 
spine,  or  the  defect  in  the  pelvis,  was  the  starting-point  of  the  deformity. 

The  observations  of  all  subsequent  pathologists  confirm  the  remark 
made  by  Meckel  and  others^  that,  in  cases  of  curvature  of  the  spine,  the 
pelvis  does  not  generally  suffer,  either  in  sixe  or  shape,  unless  there  is 
some  morbid  condition  of  the  rest  of  the  skeleton.  Whatever,  there- 
fore, may  be  the  amount  of  deformity  of  the  spine,  we  have  little  to 
fear  reapectLng  the  condition  of  the  pelvis,  provided  the  lower  extremi- 
ties are  straight 

Now  and  then,  when  a  patient  has  long  been  con&ned  in  one  position, 
the  sacrum  becomes  twisted  on  its  vertical  axis.  One  of  its  sides  is 
advanced  forwards,  carrying  with  it  the  corresponding  o«  innominatum, 
and  causing  it  to  project  at  the  symphysis  pubis,  A  specimen  of  this 
kind,  in  which  a  horizordul  oblitpdiy  of  the  whole  pelvis  has  been  in- 
duced, is  in  the  Museum  of  the  College  of  Surgeons*. 


THE  SEPAEATE  BONES  OF  THE  PELVIS. 


and 


The  Sacrum  and  Coccyx  are  composed  of  ten  ver- 
^***'^'^  tebrae,  which  decrease  in  size,  and  in  the  number  and 

distinctness  of  their  processes,  from  above  downwards.  The  ver- 
tebra which  form8  the  upper  bone  of  the  sacrum  is  as  large  as  a 
lumbar  vertebra,  and  has  a  well-shaped  vertebral  canal  enclose^  by 


'  Das  Khriig  vtrmffte  JBeckm, 

*  For  further  inform ation  cm  deff>rraitieB  of  the  pelvis,  see  Rokitansky's  PaikoltH 
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an  arch,  with  distinct  spinou!?,  transverse,  and  articulating  processes. 
From  tbia  bone  there  is  a  gradual  transition  to  the  lowermost  bone 
of  the  coccyx,  which  is  commonly  a  mere  sphere  no  larger  than 
a  pea. 

The  upper  five  of  the  ten  vertebra?  arc  joined  together  so  ns  to 
form  one  solid  bone,  the  sacrum.  By  this  means  additional  sti'cngth 
is  given  to  the  pelvic  arch,  into  which  the  upper  thres  bones  of  the 
sacrum  enter*  and  the  consolidation  of  the  two  loiver  bones  of  tbe 
sacrum  serves  to  support  the  pelvic  \^scera,  assists  in  bearing  the 


DESCRIPTION  OF  PLATE  XXXVI. 

Fig.  I.  Sacrum  &t  birth  (bftck  view).  A^  A,  cartilagmouB  tips  of  netiral  Umhua 
of  iBt  sacral  vertebra,  ouitecl  to  on©  ftnotber  by  a  fibn»ua  band  (J?),  wMch  occupies  the 
pUce  of  the  future  spinous  prooeas.  The  lamioje  of  the  ind  vertebra  Imre  grown 
nearer  to  one  aoother  and  are  separated  only  by  a  piece  of  cartilage  {C),  D,  piece  of 
cartilage  uniting  laminae  of  3rd  vertebra.  jE",  fibrous  band  uniting  th(«e  of  4th.  ^, 
lamina  of  5t1i  vertebra.  0^  ditto  of  tat  bone  of  coccyx,  ff,  osseous  nucleos  of  body 
of  I  at  bone  of  coccyx,  /,  I,  nuclei  of  lateral  portions  of  2nd  bone  of  ooocyx  ;  nudegs 
in  tlie  body  of  tbat  bone  not  yet  appeared.     K,  cartibiginous  a!a  of  sacram. 

Fig.  2.  Back  view  of  sacrum  and  last  lumbar  vertebra  from  a  yitung  subject. 
A,  piece  of  cartilage  in  tbe  sitaation  of  the  spine  of  tbe  last  lumbar  vertebra.  B,  B, 
neiaral  ]amiQf)&  of  tit  sacral  vertebra  separated  by  a  considerable  interval.  D,  D,  ditto  nf 
and  sacral  vertebra^  deeper  than  those  of  the  ist,  apjiroximated  nearer  to  one  another 
and  united  by  a  piece  of  cartilage.  Ef  J?,  ditto  of  3rd  vertebra,  almost  as  close  aa 
tbose  of  lud.  F,  P,  ditto  of  4th  vertebra^  far  apart.  G,  0,  ditto  of  5th  vertebr*. 
.ff,  ditto  of  1st  bone  of  coccyx.  /,  oaseoua  nucleus  in  ist  bone  orcocc3nc.  A",  K,  K,  K, 
cartilaginous  central  pieces  of  4  lower  bones  of  coccyx ;  osseous  nucleus  not  developed 
in  any  of  them. 

Fig.  3.  Front  view  of  sacrum  from  young  subject,  a*t.  about  15.  The  bodies  of 
tbe  component  vertebrfG  are  separate.  Tlie  sides  are  united  in  an  irregular  manner ; 
the  upper  three  only  slightly ;  the  3rd  and  4th  are  quite  united  on  the  left  side,  but 
separate  on  the  right  aide ;  the  4th  and  5th  are  quite  united  on  the  right  side,  but 
separate  on  tbe  left. 

Fig.  4.  Back  view  of  the  same.  The  arches  of  the  upper  4  are  united  ;  those  of 
the  4th  and  5th  are  separate.  The  lateral  portions  of  tbe  4th  and  5th  are  united;  but 
those  of  the  upper  4  are  aepar&te. 

Fig.  5.  Os  tnnominatum,  s&t,  about  10  (much  reduced).  The  rami  of  the  pubei 
{A)  and  ischium  (B)  are  united ;  but  the  pubea^  iscbium,  and  ilium  are  all  separate  at  the 
acetabulum,  and  there  is  a  separate  piece  of  bone  {€)  between  tbem. 

Fig.  6.  Oa  innominatum  at  birth,  viewed  from  inner  wde.  A,  tbe  ossified  portion 
of  pubis.  Bf  ditto  of  ischium.  €\  cartilage  forming  tbe  acetabulum.  Dt  the  cartilage 
forming  the  rami  and  fore  part  of  the  pubes  and  iflchium.  E^  oesified  portion  of 
ilium.     Fj  foramina  for  vessels.     (?,  f^rtilage  forming  margin  of  ala  of  ilium. 


body  in  the  fitting  posture,  and  increases  the  firm  basis  of  attacli- 
ment  for  the  miiBcles  which  move  the  tnink  upon  the  thighs  and 
which  liold  the  trunk  Me-ady  in  the  erect  posture- 
In  most  other  Mammals,  and  in  Reptiles,  only  two  vertebrae  are 
united  with  the  onsa  innoniinata  to  complete  the  pelvic  arch*  The 
mini  tier,  besides  these  two,  which  are  joined  together  to  form  the 
sacrum  varies  a  good  deal  In  the  Crocodile  the  Bacmm  is  very 
short,  l>eing  composed  solely  of  the  two  vertebrae  which  are  ariicTi' 
lated  with  the  iliac  bones ;  and  these  two  are  only  partially  nnited  to- 
gether. Mr  Carlile*  observes  that  the  '^  os  Dium,  in  the  fcetal  state,  and 
for  some  years  after  birth,  in  the  human  subject,  is  connected  to  only 
Ut?a  of  the  sacral  ribs;  at  a  more  advanced  period  of  life  it  is  con- 
nected by  a  cartilaginous  intennedium  to  the  extremities  of  three  sacral 
ribs,'*     In  the  skeleton  of  a  Negro  he  observed  it  conjoined  to  Jbur*. 

TiMooiiiiKh  "^flie  Bodies  of  the  several  sacral  vertebra  remain,  to 

^^^th0  ®  conBiderable  extent,  distinct  from  one  another,  being 
^•^'^  united  by  bone  only  at  their  edges  j   and  the  greater 

part  of  the  inter\^al  between  them  h  filled  by  soft  inter- verte- 
bral substance*  The  union  takes  place  earlier,  and  to  a  greater 
extent,  between  the  lower  bones  than  between  the  upper.  The 
body  of  the  first  bone  presents  very  much  the  shape  and  cliaracters 
of  those  of  the  lumbar  vertebrse ;  like  that  of  the  fifth  lumbar 
vertebra,  it  is  wide,  and  deei>er  in  front  than  btliiud.  Lower  down 
the  several  bodies  become  more  and  more  elongated  from  above 
downwards,  and  flattened  from  Ijcfore  backwards ;  they  are  dei*p^r 
behind  than  in  front,  in  accommodation  to  the  curve  of  the  sacrum : 
and  each  one  is  a  little  concave  upon  its  anterior  and  convex  upon 
its  posterior  aspect. 

The  *reb«!  anil  ^^^  sacral  ArrJifJi  are  rather  thin  and  spread  out,  so 
jqunea.  (1,^1  the  cdgcs  of  each,  with  the  exception  of  the  first, 


*  Rfport  of  Brlthh  A$aocittti<m  for  1837, 

*  "In  the  adult  ehimpansoe  tb6  two  supefior  sacral  TcrtehnB  only  are  un'ttcd  to 
the  iliw:  bone«,  and,  hence,  the  trunk  is  leM  firmly  ooao«ct«d  with  the  pelric  wtjh,  ftod 
in  more  in  need  of  additional  siTpp^rt  from  tlie  anterior  extremities  than  in  mAn." 
Owen,  Zoofofffcai  Trans,  i,  357. 
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are  in  contact  with  those  above  and  below,  and  become  united  with 
them  at  an  early  period,  forming  a  continuous  plate  of  bone,  which 
covera  the  vertebral  o^inal,  and  contributes  much  to  the  strength  of 
the  sacrum  •  The  arch  of  the  upper  aacral  vertebra  slopes  obliquely 
downwards  from  its  body,  so  as  to  leave  an  interval  between  it 
and  the  arch  of  the  last  lumbar  vertebra.  This  interval,  which 
is  sometimes  of  considerable  size,  is  required  for  the  purpose  of 
permitting  the  movement  of  the  last  lumbar  vertebra  upon  the 
Biujrum,  in  consequence  of  the  space  being  limited  by  the  retiring 
angle  which  is  formed  at  tliis  p;\rt  of  the  spine. 


Vwirtiet  In  the  ^^®  upper  socral  arch  is  formed  later  than  the  others,  and 
vdiefuidipiiieB.  ^ariea  a  good  deal  in  thickness.  Frequently  it  ia  more  or 
leas  imperfectly  formed;  and  this  part  of  the  vertebral  canal  is  conse- 
quentljj  more  often  than  any  other,  the  seat  of  spina  bifida.  In  one  sacrum 
now  lying  before  me,  the  arch  of  this  vertebra  is  incomplete,  the  laminae 
not  having  extended  above  half  way,  from  either  side,  towards  the  middle 
line ;  eo  that  there  is  no  spinous  process,  and  the  vertebral  cana!  is  wide 
open  from  the  last  lumbar  to  the  2nd  sacral  arch.  In  others,  the  laminse 
have  met,  and  each  one  is  prolonged  into  a  spinous  process  curling 
downwards;  but,  though  the  two  spinous  processes,  thus  formed,  mn 
side  by  side  and  are  in  close  contact,  they  are  not  united,  a  fissure 
remaining  between  them.  In  others,  the  laminse  have  grown  together, 
and  a  single  spinous  process  has  been  fonned,  which  varies  much  in  size, 
being  thin  and  stumpy,  or  thick  and  standing  out  free  like  one  of  the 
lumbar  spines.  In  some,  the  1st  spinous  process  and  arcli  are  united 
with  those  of  the  2nd  ;  in  others,  they  are  free,  a  more  or  less  comiider- 
able  interval  existing  between  them.  The  laminEe  of  the  four  lower 
sacral  vertebne  are  more  or  less  united  together  in  all  apeciniens  that  I 
have  seen ;  and  those  of  the  2nd  and  3rd,  in  every  inetanoe,  and  those 
of  the  3rd  and  4th,  in  most  instances,  are  joined  in  the  middle  line,  so  j 
to  complete  the  osseous  covering  of  the  vertebral  canaJ*  It  appears^ 
however,  from  the  observationa  of  others,  that  the  canal  is  eometimea 
open  to  a  greater  extent  than  this,  in  consequence  of  the  vertebral 
arches  not  ha\dng  grown  together.  The  spinous  process  of  the  2nd  bone 
is  short,  and  shoots  upwards  so  as  nearly  to  meet  that  of  the  1st  vertebra. 
This  direction  of  this  proce-ss,  and  its  shortness,  prevent  its  being  in  the 
way  when  we  sit  down  or  lie  on  the  back-     The  spine  of  the  3rd  verte- 
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bra  ia  shorter  still;  often  it  does  not  stand  out  ss  a  process  at  alL 
That  of  the  4th  is  commonly  absent ;  and  the  centre  part  of  the  arch 
of  this  vertebra  forma  a  depression,  i-ather  than  a  pronunence,  between 
the  representatives  of  the  articulatdng  proceaaes  which  stand  out  as 
tubercles  on  either  side»  In  some  instances  the  spinous  process  is  pre- 
sent, being  single  or  bilid ;  and  in  some  it  is  blended  with  that  of  the 
drd  vertebi^  Occasionally  all  the  spinous  processes  are  wanting^  and 
the  united  laminae  form  an  even  plate  of  bone  extending  over  the  whole 
of  the  sacral  pait  of  the  vertebral  canal.  The  arch  of  the  5th  vertebra 
has  been  incomplete  in  all  the  instances  that  I  have  seen^  leaving  the 
tenninal  portion  of  the  vertebral  canal  quite  open;  indeed  the  lamina 
that  should  form  the  arch  can  scarcely  be  said  to  exists 


ArtlculiUing 
processes. 


The  upper  Articulating  fwoc^sses  of  the  first  bone  are 
large,  and  shaped  like  those  of  the  lorabar  portion  of 
the  spine.  They  are  separated  by  a  considerable  interval  to  receive 
the  lower  articulating  processes  of  the  last  lurabar  vertebra,  which 
arc  further  apart  than  those  of  the  other  vertebree  (p.  174).  All 
the  other  articidating  processe.^  of  the  sacrum  are  usually  blended 
together,  and  are  merely  recognisable  as  a  tow  of  tubercles  situated 
on  the  inner  side  of  the  posterior  intervertebral  foramina.  The 
lowermost  project  downwards  to  meet  the  corresponding  processes 
of  the  coccyx,  and  often  become  united  with  them. 
TruiBverse  '^^^  representatives  of  the  hinder^  transverse  pro- 

pfocisBses.  cesses  form  a  series  of  well-marked  tubercles,  situated 
on  the  outer  side  of  the  posterior  vertebral  tbramina.  That  of  the 
first  bone  ia  large,  and  resembles,  in  direction  and  shape,  the 
corresponding  process  of  the  last  lumbar  vertebra. 

The  AhPy  or  lateral  parts  of  the  sacrum,  seem  to  be 
formed  by  a  re-appearance  of  the  anterior  transverse 
and  pleural  process^  (PL  IV.  fig.  5,  II),  which  are  spread  out 
and  united  together  and  with  the  hinder  transverse  processes,  so 
as  to  form  a  broad,  firm  mass,  strengthening  the  sacmm  and  sup- 
porting the  iliac  bones*. 


ThealiCi 


^  See  Appendix  on  the  Morpholoff^  of  the  SleUton. 

•  Mr  Carlile,  loc.  cit  shows  that  some  of  the  Saurian  reptiles  afford  good  exaroplc* 
of  diatinct  and  weU*developed  BAcrml  ribs,  two  in  irnmber  on  e»ch  ride;  the  anterior  ire 
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fntofutthni  '^^^  Iniervet'te&ral  Jbramtna,  being  arched  over  by 

**™"**^  the  union  of  these  anterior  and  posterior  transverse  and 
pleural  processes  of  the  several  vertebrw,  are  divided  into  an  ante- 
rior and  posterior  set,  which  transmit  the  nerves  in  the  correspond- 
ing directions.  They  are  all  very  large,  especially  the  anterior  and 
upper  ones,  Each  is  enclosed,  in  two-thirds  of  its  eircumlcrence,  by 
the  body  and  processes  of  the  vertebra  above,  and,  in  one-third,  by 
those  of  the  vertebra  below.     (See  PI.  XXXVL  fig.  3.) 

The  Curve  of  the  sacrum,  which  determines  the 
curve  of  the  pelvis,  varies  very  mncli  in  different  per- 
sons* Aa  a  general  rule  it  is  sharper  in  men  than  in  women, 
though  there  arc  many  exceptions  to  tliis;  it  being  not  unfrequently 
aa  straight,  or  straighter,  in  men  tlian  in  women.  It  is  not  uniform, 
being  generally  sharpest  at  the  middle  of  the  bone,  that  is,  at  the 
third  vertebra  (PI,  X.  fig.  1),  where,  in  some  instances^  it  almost 
forms  an  angle'. 


"Rio  camtnre. 


TlM  iiwMr  bon*  "^  ^  ^^^^^'  ^'^^  "PP*^**  ^S^  ^f  ^'he  lat  sacral  vei-tebra 
uf  ««cmia  some-  foriiLi*  the  "  jjroirioutory."  In  a  few  instances,  however,  the 
times  fonni  part  .  i  »      ^  i  ,  ^    i       -*     i 

tifitmibar  promoiitc*iy  IS  tormm  by  the  upper  eugtj  of  the  2nd  verte- 

*'*"^®*  bra;  and  the  1st  vei-tebra  is  sloped  backwards,  so  as  to  be 

the  commencement  of  the  lumbar  curve.  Where  this  peculiarity  exists, 
the  Ist  sacra]  vertebra  resembles  those  of  the  hiina  m  several  pai-ticulars. 
For  instance,  the  spinoua  prat: ess  aud  arch  are  more  free  ami  separate 
&om  those  of  tlie  2nd  vertobra  than  usual;  the  inferior  articulating 
processes,  lis  well  as  the  8ui>erior,  are  free ;  the  anterior  s^ui*face  of  the 
body  is  rounded  off  at  the  sides,  instead  of  being  squared;  the  posterior 


ftrticuilated  to  the  bodies  of  the  last  lumhar  and  the  first  sacr&l  vertobne  and  to  their 
intorvort«biul  aubatanoe ;  the  posterior  to  the  last  sacral  antl  tho  firat  caud^J  vertebne* 
In  the  human  subject  he  finds  4  sacral  rib€  on  each  aide  j  they  remain  Id  a  aeparftte 
and  distinguish  able  state  until  the  age  of  from  3  to  7  yeans. 

*  Mr  Quain  found  that  in  on©  aeries  of  skeletons  the  anterior  surface  was  com- 
paratively Rtraight>  and  the  slight  bend  which  existed  was  near  the  upper  eed;  ia 
another  the  booo  waa  much  curved  in  itii  whole  lengthy  but eapeciaDy  alxiut  the  middle; 
a  third  set  were  int«rniedl&te|  the  degree  of  curve  being  moderate  and  affecting  chiefly 
the  lower  end.  The  meaaurement  of  a  considfrable  number  of  these  bones,  taken  from 
both  sexes,  haa  shown  bim  that  the  curvature  cannot  bo  rehed  ou  as  a  distinctive 
character.  Some  of  the  variations  of  the  curve,  in  company  with  distortion  of  the 
pelvU  in  rickets  and  moUitieSj  have  already  been  mentioned  (p.  447)t 
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tranBverse  process  is  more  distinct;  ita  contribution  to  the  aJa  is  small, 
and  it,  as  well  sui  tlie  body,  are  united  late  to  the  rest  of  the  bona  So 
that,  unless  the  regular  number  of  the  componeDts  of  the  rest  of  the 
column  be  present,  it  may  be  difficult  to  decide,  in  such  an  instance, 
whether  the  vertebra  in  question  really  belongs  to  the  loins  or  to  the 
sacrum. 


SAcnuninOifl 


I>ei'elo]>mtitiL 


In  the  female  the  Bacrum  13  broader  in  proportion  to 
the  rest  of  the  pelvis  than  in  the  male,  and  its  curve,  aa 
just  stated,  is  less  sharp.  It  ia  also  said  to  incline  raore  backwards 
frijm  tlve  direction  of  the  lumbar  vertebrfle,  thus  forming  a  more 
prominent  '*  sacro-vertebral  angle/' 

Each  bone  of  the  sacrum  is,  as  in  the  case  of  the 
other  vertebnc,  developed  from  tliree  chief  centres ;  but 
the  nuclei  for  the  bodies  appear  before  those  for  the  arches.  Thus 
the  nuclei  for  the  npper  four  bodies  appear,  according  to  Beclard 
and  others,  in  the  first  four  months  of  foetal  life,  and  the  nucleus  for 
the  body  of  the  5th  vertebra  appears  at  about  five  months  and  a 
half;  the  nuclei  for  the  several  arches  appear  from  two  to  three 
months  later  than  those  for  their  respective  bodies.  Besides  these 
three  primary  centres,  others  are  formed  at  later  periods,  respecting 
which  there  is  some  uncertainty.  One  is  admitted  to  appear^  on 
either  side  of  each  of  the  upper  three  vertebrse,  in  the  part  which 
is  articulated  with  the  ilium;  and  it  is  probable  that  similar  nuclei 
may  be  superadded  to  the  two  lower  bones.  In  a  specimen  before 
me  there  is  clearly  a  separate  centre  in  the  laminje  forming  the 
upper  and  lower  edges  of  each  of  the  several  bodies.  Thus  there 
are  three  nuclei  in  each  of  the  component  bodies  of  the  sacnim,  and 
one  or  two  in  each  side  of  the  several  arches,  making  in  all  from 
thirty-one  to  thirty-five  centres.  Besides  these,  independent  nuclei 
may,  in  some  instances,  be  developed  in  the  spinous  processes;  and 
thin  separate  osseous  laminte  arc  sometimes  seen  on  the  articular 
facets  for  the  ilium.  The  lateral  portions  become  united  with  the 
bodies  at  an  early  period  {about  2^  years  according  to  Beclard)  in 
the  lower  vertebrse,  and  at  about  the  5th  year  in  the  upper  ones. 
After  the  respective  segments  of  the  several  vertebne  have  united, 
so  as  to  form  five  bones,  these  five  become  joined  by  the  fusion  of 
their  articulating  processes  and  arches,  which  begins  usually  at  the 
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lower  part  of  the  aacrtuii  and  traveU  upwards.    The  bodies  \ou\ 
remain  separated  bj  fibro-cartilagea  resembling  the  intervertebral 
substances  in  other  parts  of  the  spinal  column.     These,  at  somi 
time  after  puberty,  become  surrounded  and  bridged  over  by  boa 
whicli  grows  from  the  contiguous  edges  of  the  bodies.    Not  till  2 
or  30  are  the  bodies  of  the  1st  and  2nd  vertebne  thus  joined  ;  am 
in  some  instances,   they  remain  separate  for  life.     In   the  Iow( 
parts  of  the  sacrum  only  in  the  intervertebral  space  entirely  ossifiei 
some  of  the  Hbro-cartilage  remains  pennanent  between  the  up] 
three  or  four  bones,  leaving  interspaces  in  the  section  of  the  mi 
rated  and  dried  bone. 


VarletiieB  and 


The  sacrum  has  been  found  occasionally  to  consist  of 
or  of  only  4  bones.  It  ia  subject  also^  as  we  have  seen,  tl 
many  varieties  Iti  its  shajie  and  in  the  degree  of  development  of  iti 
component  parts,  and  is  often  the  seat  of  spina  bilitla.  It  is  not,  how^ 
ever,  so  liable  to  disease  m  might  have  heen  anticipated  from  the  com^ 
plexity  of  its  structure,  and  from  the  number  of  its  points  of  develoir 
ment. 


THE   COCCYX 


r 


consists  normally  of  five  bones,  of  which  the  upper  is  often  anky-^ 
losed  to  the  sacrum ^  making  it  appciir  as  if  that  bone  were  composedl 
of  six  vcrtebrse  instead  of  live.  The  uppermost  of  the  coccygeal 
segments  resembles  the  lowermost  of  those  of  the  sacrum,  except 
that  it  is  smaller,  that  its  lateral  portions  are  less  developed,  an<l 
that  the  rudiments  of  its  arches  are  mere  cylindrical  processes,  ocj 
Cornua^  which  are  slightly  tuberculated  at  their  extremities  an^ 
are  directed,  upwards,  from  the  uppej  and  posterior  part  of  On 
bone,  to  meet  the  corresponding  processes  of  the  sacrum,  whichj 
are  directed  downwards.  This  difference  in  the  direction  of  its; 
cornua  aiforda  a  ready  means  of  distinguishing  the  first  bone  of  th©,| 
coccyx  from  the  last  of  the  sacrum.  The  cornua  of  the  sacrum  and] 
coccyx,  approaching  near  to  one  another,  are  united  by  fibrousi 
tissue,  so  as  to  complete  the  arch  over  the  intervertebral  foramenij 
which  transmits  the  last  sacral  nerve* 
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The  2nd  bone  of  the  coccyx  has  short  wing-like  projections,  the 
representatives  of  the  alje  of  the  sacral  hones,  and  tubercles  on 
its  posterior  aspect,  the  representatives  of  the  arches.  Of  the  lower 
three  bones  the  uppermost  has  a  somewhat  triangular  shape,  and 
the  other  two  are  simply  pisiform. 

The  bones  of  the  coccyx,  especially  the  lower  tlirce,  are  com- 
posed of  very  spongy  stnictnre. 

The  ossification  of  the  1st  bone  commences  in  the  1st  year  after 
birth;  that  of  the  2nd  in  the  2nd  year;  and  that  of  the  3rd  in  the 
3rd  or  4th  year»  That  of  the  others  is  later.  The  lower  three  are 
often  ankylosed  together  soon  after  puberty;  and,  as  the  1st  is  also 
frequently  \mited  to  the  sacrum  in  a  similar  manner,  the  2nd  bone 
is  the  one  which  remains  longest  distinct. 


THE  OS  INNOMINATUM. 

The  acetabulum  Is  the  centre  of  the  os  innominatura,  \vith  the 
broad  ala  of  the  ilium  springing  from  it  above,  the  pubes  connected 
with  its  fore  part,  and  the  ischium  descending  from  it  beneath. 

The  Ilium  is  very  thick  and  strong  over  the  sciatic 
notch,  in  the  interval  between  the  articular  surface  for 
the  sacrum  and  the  cotyloid  canity,  where  it  bears  the  weight  of 
the  tnmk,  and  transmits  it  from  the  sacrum  to  the  femur.  This 
part  is  first  ossified,  is  very  hard,  and  the  chief  nutritious  artery  of 
the  bone  enters  on  its  inner  side.  It  is  very  strong  also  near  its 
edge^or  Crest^  where  it  gives  attachment  to  powerful  muscles  and  to 
fascise;  it  is  almost  transparent  in  the  middle,  to  lessen  its  weight. 
The  whole  ala  is  broad  and  slanted,  from  below%  outwards  and 
upwards  to  afftird  space  for  the  abdominal  viscera,  and  to  sustain 
them  when  the  trunk  is  erect ;  and  its  two  surfaces,  as  well  as  its 
crest,  are  disposed  in  a  wavy  manner.  It  is  prolonged  backwards 
inwards  and  downwards  behind  the  sciatic  notch,  so  as  to  cause  the 
sacrum  to  occupy  a  comparatively  low  position  with  regard  to  the 
pubes.  Thi^  prolongation  of  the  ala  backwards  and  downwards 
assists  in  maintaining  the  balance  of  the  tnmk  upon  the  thigh- 
bones, and  in  preventing  its  falling  forwards;  and  the  part  behind 


IliUM. 


■  h 


FiibM. 


lachituiL 


the  sciatic  notch  is  inclined  inwards  and  downwards  ta  afford 
better  support  to  the  sacrum ,     The  Anterior  injknor  sptjm  is  ped 
liar  to  the  human  pelvis.    It  serves  to  give  a  slight  leverage  to  d 
reK^us  Jkmarts,  making"  some  amends  to  that  muscle  for   tlie  tu 
favourable  position  in  which  it  is  placed  by  the  erect  posture. 

The   Os  pubis  runs  fonvards  and  inwards  from  tli 

acetabulum,  so  as  to  complete  the  pelvic  arch  and  affod 
a  projecting  point  of  attachment  for  the  muscles  of  the  thi^h  an 
trunk.  Just  in  front  of  the  acetalmlum  it  is  narrow  and  triangnlan 
and  is  liable  to  be  bent  inwards  under  the  pressure  of  the  thigl 
bone  in  ricketa  and  mollities.  It  rises  into  an  eminence  near  ih 
line  of  junction  with  the  ilium ;  and  the  femoral  artery  crosses  ovl 
it  juat  on  the  inner  side  of  this  eminence. 

The  Ischium  presents  a  broad  thick  surface  for  th 

body  to  rei?t  upon  in  tlie  sitting  posture,  gives  attacl] 
ment  to  the  sacro-sciatic  ligaments  which  contribute  to  close  in  th 
lower  part  of  the  pelvi?*,  and  affords  a  projecting  point  for  thi 
attachment  of  the  extensor  and  adductor  muscles  of  the  lower  ex| 
tremity.  These  muscles,  the  hamstring  muscles  more  especial W 
are  very  powerful ;  and  the  Tuher  iscftii  is  enabled  to  bear  thea 
pull  J  partly  by  reason  of  the  great  thickness  of  the  neck  w*Uici 
connects  it  with  the  acetabulum,  an<l  partly  from  the  suppoif 
afforded  by  the  rami  of  the  ischium  and  pubes  in  front,  and  by  tin 
Bacro-sciatic  ligaments  behind. 

Ossification   begins   in   the   foetal   cartilage   of    thi 

ilium,  just  above  the  sciatic  notch,  during  the  2ni 
month,  and  (quickly  radiates  through  the  ala,  which  is,  at  first,  a 
nearly  oiiiforni  thickness ;  it  commences,  during  the  3rd  month,  id 
the  thick  part  of  the  ischium,  just  below  the  acetabidum  ;  and,  d 
iiig  the  4th  or  5th  month,  in  the  horizontal  portion  of  the  pul 
near  the  acetabulum,  jiist  over  the  obturator  hole.  The  ace 
bular  ca\dty  ii?,  therefore,  soon  surrounded  by  the  three  ossifying 
centreB,  which  all  appear  in  its  immediate  neighbourhood,  Thej 
approach  one  another,  forming  t!ie  circumference  of  the  acetabulum  j 
and  a  Y-slmped  piece  of  bone  (PI,  XXXVI.  fig.  6  (7)  is  ofteil 
formed  in  the  cartilage  that  unites  them  at  the  bottom  of  the  cupj 
They  become  united  to  this,  or  to  one  another,  soon  after  pubertyj 


n^Telnprnent. 
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The  union  between  the  rami  of  the  ischium  and  pnlies  takes  place 
at  ahout  the  7th  year;  next  the  ischium  is  united  to  the  ilium ;  and, 
lastly,  the  pube:;!  ig  joined  to  the  other  two  in  the  acetabulum.  About 
puberty  four  epiphyses  appear ;  one  on  the  crest  of  the  ilium,  er- 
tending  along  its  whole  length ;  one  on  the  anterior  inferior  spine 
of  the  ilium  j  a  3rd,  a  broad  plate,  is  formed  on  the  tuber  ischii, 
and  extends  some  distance  along  the  ascending  ramus  of  the 
ischium  ;  a  4th,  a  thin  plate,  appears  on  the  inner  margin  of  the 
pubes,  and  the  symphjsial  fibro-cartilage  is  attached  to  it.  All 
these  epiphyses  become  united  to  the  os  innominatum  at  about  25; 
and  their  union  with  it  jjs  so  close  that  it  is  not  easy  to  recognise 
any  line  of  demarcation. 

cbMjrwta  ^^    early  life   the  obturator  hole   is   nearly  oval; 

ottoimtoT  hole,  aubsequently  it  is  extended  forwards  and  inwards  by 
the  growth  of  the  pubes  in  this  direction,  so  that  it  assumes  some- 
what of  a  triangular  form.  This  change  la  most  marked  in  the 
female  pelvis. 


V*rtetle«. 


OccaiBionaUy  the  rami  of  the  ischium  and  pubes  fail  to 
meet  and  to  complete  the  circle  of  the  ohturat-or  hole'.  Occa- 
Bionally  also  the  bottom  of  tlie  acetabulum  is  incc^mplete  or  is  very  thin. 
In  a  few  instances  the  bouy  margin  of  the  acetabulum  has  been  carried 
round  its  whole  circumference,  so  as  to  leaye  no  notch,  t^nly  a  foramen, 
at  the  lower  part^  In  a.«pecimen  of  the  malformation  cjdled  **  extro- 
version of  the  bladder,"  contained  in  the  Mutee  Dupuytreu,  the  pubic 
bones  are  well  formed,  tliough  rather  short;  and  they  aare  directed  for- 
wartk,  instead  of  forwards  and  inwards,  ho  that  they  are  tlu-ee  inches  apart 
in  the  middle  line.  Sometimes  the  spine  of  the  pul*ca  is  developed  as 
an  epiphysis,  which  has  been  compared  to  the  niarsupial  bones  of  the  non- 
place  ntaliii ;  Lossus*  saw  in  the  male  subject  an  ajJophysiBy  from  two 
to  three  inches  long,  growing,  from  the  inner  surface  of  the  pulses,  on 
either  side  of  the  symphysis. 


^  Thia  Lb  the  permanent  coaditioa  in  Cb(;loxiiaii  reptQea.  la  most  reptilet  ike 
rami  of  the  ischium  and  puhea  dt>  not  approach  ouo  another  below  j  but  the  tiichiuni, 
like  the  pubeS}  is  conliuued  across  to  meet  Us  fellow  of  the  oppoidto  side^  su  that  the 
two  fonunioA  ovaIul  are  urtited  together  in  tlie  middle  line  and  form  one  gre^t  trant- 
ver»e  g»p  between  thw  pubic  and  ischi&tic  boneg. 

»  Ryril,  AnaL  a.  351.  >  P^Ado^  Ckirur^icttk^  I-  cap.  80. 
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SACROILIAC  JOINT,     (Plati  XXXVII.) 

DUJocfttioD  "^^  sacruui,  or  key-stone  of  the  pelvic  arch,  is  ao  firmlj 

"^  weilged  in  Uetween  tlio  aJ^e  of  the  ilium  that  dieplacemeat^ 

can  scarcely  take  place,  mi  lees  some  other  part  of  the  circle  of  the  pelvii^ 
is  broken  either  by  fracture  of  the  bones  or  by  rupture  of  the  sym- 
physia  pubis.  Further,  the  ligaments  that  bind  the  sacrum  and  ilium 
tfjgetber  are  so  strong  that  when  the  part  ia  mibjected  to  great  force 
it  is  no  unconmion  thing  for  one  of  the  bones  to  give  way,  ^v^^hile  th^ 
joint  remains  entira  Thus,  in  the  case  of  a  man  who  fell  from  a  height 
u|)oii  his  left  leg,  a  longitudinal  fracture  was  found  through  the  left 
side  of  the  sacrum,  and  there  was  fracture  through  the  horijEontal  and 
descending  rami  of  the  pubes ;  but  the  ligaments,  both  of  the  sacro-ilifl 
and  of  the  pubic  jointa,  were  uninjure*!'*  Nevertheless  the  disjunction  1 
of  the  bones  is  sometimes  caused  by  heavy  weights  passing  over  the 
pelvis. 


*  The  gpeciroexi  is  in  tbe  Moa^e  Diipuytren,  and  the  case  La  related  by  Richer 
No$o(/raphi€  H  Thdrapeutiqw  Chirurjfieateif  u,  44, 


DESCRIPTION  OF  PLATE  XXXVD. 

Fig«  T.  Vertical  section  from  side  to  side  ilirougli  the  sacro- iliac  joint  of  a  iii«le 
adult,  showing  the  wavy  line  of  union  between  the  cartikgtnoua  Burfaces  at  the 
■acmm  and  of  the  ossa  ilii.  It  ia  seen  to  be  not  perftictlj  sjm metrical.  A,  tlie  iftcruD]. 
Bf  B,  iliac  bones.  C,  D,  E^  upper  middle*  and  lower  parts  of  articular  mai-gizi  of 
sacrum*     F,  superior  Bacro-iliac  Hgamenta.     G,  Gy  inferior  ditto. 

Fig.  i»  Horizontal  section  of  aacro- iliac  joint  fi-ona  young  mnJe.  A,  the  sacrum, 
the  lateral  portions  of  which  (/,  /)  are  atill  united  by  cartilage  to  the  central  part. 
Bf  B,  the  iliac  bones.  A",  concave  margin  of  articular  Aurfaoe  of  saerum.  L,  atop 
formed  hy  edge  of  ilium  projecting  in  front  of  sacrum,  if,  posteriorp  and  *V,  anterior 
sacro-iliac  ligaments.     If,  epiphysis  of  ilium. 

Fig.  3.  Vertical  eectionj  from  side  to  side,  through  the  ayro physis  pubis  of  m 
young  man.  The  cartilaginous  edges  of  the  bones  are  tmited  in  their  whole  length  by 
tough  tissnej  in  which  transTerse  ^bres  are  manifest.  A  and  B^  anpra  and  mfra*pubto 
ligaments. 

Fig.  4.  Similar  section,  through  the  same  part,  from  a  woman  mi.  if,  who  died 
in  the  Ttb  month  of  pregnancy.  There  is  a  vortical  11  n«!  in  the  middle  of  the  symphyBit 
wbicb  indicates  tbe  position  of  a  Esaure  or  linear  cavity.  I  found  a  preciiely  familMa- 
fiflsfdre  in  a  female,  let.  15^  who  had  never  been  pregnant. 
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The  displacement  of  the  sacrum  downwards  is  pre- 
vented by  the  wedge-like  shape  of  the  bone,  and  by  the 
undulating  di.sposition  of  the  surface  by  which  it  is 
jointed  with  the  ilium.  The  articular  surface  of  the 
sacnira,  situated  on  either  side  of  the  ala,  extends  over  three  of  the 
component  bono^  (see  fig.  1).  It  is,  accordingly,  of  considerable 
length  ;  and  it  is  cur\'ed  with  its  convexity  forwards,  that  i8»  in  a 
direction  opposite  to  that  of  the  curvature  of  the  sacrum.  From 
some  resemblance  to  the  human  ear  it  has  been  called  the  '^  auri- 
cular facet/'  The  uj>per  part  {C)y  which  is  wide  and  be^irs  the 
chief  weight  of  the  trunk,  is  inclined  so  as  to  overlap  the  corre- 
sponding surface  of  the  ilium.  The  middle  part  (D)  is  concave 
from  above  downwards ;  and  the  lower  part  (E)  is  projected  out- 
wards beneath  the  edge  of  the  ilium,  so  as  to  prevent  displacement 
of  the  sacrum  upwards. 

Displacement  backwards  is  prevented  by  the  obli- 
quity of  the  articular  surfaces,  which  are  sloped,  from 
before,  inwards  and  backwards  (fig.  2),  in  such  a  manner  as  to 
permit  the  iliac  bone.s  to  enclose  the  hinder  part  of  the  sacnim  to  a 
considerable  extent.  So  complete  is  this  provision,  that  the  sacrum 
is  scarcely  ever  forced  backwards  from  its  position. 

The  tendency  to  pass  forwards  is  obviated,  partly 
by  the  disposition  of  the  ligaments  presently  to  be 
mentioned,  partly  by  the  articular  surface  of  the  sacrum  (fig.  2,  A') 
being  concave  Irom  before  backwards  to  receive  the  convex  iliac 
facet,  and  partly  by  a  ridge  (X),  which  forms  the  anterior  margin  of 
the  iliac  facet,  being  thrown  out  in  front  of  the  edge  of  the  sacrum, 
so  as  to  constitute  an  effectual  stop  to  any  advance  of  the  bone  in 
that  direction.  The  seciu-ity  thus  afforded  by  the  shape  of  the 
articular  surfaces  is  increased  by  the  mutually  adapted  inequa- 
lities which  they  present  and  by  the  thin  layer  of  cartilage  which 
cements  them  fii-mly  tttgether. 

a«ro-m*c  ^^^^  joint  is  further  strengthened  in  its  whole  cir- 

'***^"'*  cumference  by  ligaments  passing  from  one  bone  to  the 
other.  Of  these  the  Posterior  saero^tliac  Uffaments  are  the  strongest; 
they  fill  up  much  of  the  interval  between  the  uneven  hinder  surfaces 
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of  the  sacrum  and  the  iliac  bones,  and  are  composed  of  abort  thick 
bundleg  disposed  in  difi'crent  directions,  with  more  or  less  obliquity, 
so  as  to  preveirt  displacement  either  way;  the  greater  ntmilier  of 
them  pass  obliquely,  forwards  and  inwards,  from  the  iliuni  to  the 
sacrum,  so  as  to  prevent  the  advance  of  the  sacrum  forwards.  In 
case  of  a  tendency  to  such  advance  they  are  tightened  in  conse- 
qnencc  of  the  direction  of  their  fibres ;  and,  drawing  the  two  iliac 
bones  more  fimily  to  the  sacrum ,  they  contribute  still  further  to 
the  secmity  of  the  joint. 

Tlie  Anterior^  Siqmrior^  and  Infirior  sacro-iltac  ligexr 
menis  {N,  F,  G)  pass  over  the  edges  of  the  bonea  i 
■ig^numiB.  j^preseiited  in  the  figures.  Tlie  tendency  to  roiattam  ^ 
Jorwards  vpon  a  transverse  axts^  resulting  from  the  oblique  manner 
in  which  the  sacrum  is  placed  in  the  pehds,  is  prevented  by  the 
dijiposition  of  the  Ilio-hnnhar  J iffaments  above  and  the  Sacro-sciatiG 
ligaments  below;  for  both  of  these  act  as  stays,  the  former  upon 
the  upper,  the  latter,  upon  the  lower  end  of  the  sacrum.  The 
ilio-himbar  ligaments,  passing,  backwards  and  outwards,  from  the 
transverse  processes  of  the  last  lumbar  vertebra  to  the  crest  of  the 
ilium,  on  either  side,  resist  pressure  of  the  vertebra  and  of  the  upper 
part  of  the  sacrum  forwards  and  downwards;  and  the  sacro-Bciatic 
ligaments,  passing  from  the  tuber  and  spine  of  the  ischium,  up- 
wards and  backwards,  to  the  edge  of  the  sacnim,  beneatli  the  joint 
with  the  ilium,  prevent  tlic  tilting  upwards  and  backwards  of  the 
lower  part  of  the  sacnnn.  In  Birds,  and  in  the  three-toed  Slotli, 
the  place  of  the  saero-sciatic  ligaments  is  occupied  by  a  bony  plate, 
which  connects  the  ischium  with  the  sacnim,  so  converting  the 
sacro-sciatic  %mtch  into  a  trim  frramfin. 

The  union  of  the  pubic  bones  at  the  Sprijihi/sis  (figs, 
3  and  4)  is,  like  that  of  the  sacnim  and  the  ilium,  very 
strong,  but  is  effected  in  a  somewhat  different  manner.  The  op- 
posed surfaces  of  the  pubic  bones  are  broad  and  flat;  and  each 
presenta  a  dentated  edge,  which  bears  a  more  or  less  thick  pad  of 
cartilage.  The  cartilages  of  the  tft^o  sides  are  united  by  tough 
tissxie  (fig,  3),  which  is  fine  towards  the  midrlle  part  of  the  sym- 
physis, or  which  may  be  altogether  absent  there^  leaving  the  cartilages 
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**iii  juxtiposition,  and  separated  only  by  a  narrow  fissure  (fig.  4)j 
towards  the  cii*ciimference  the  connecting  tissue  is  coarser  and  more 
distinctly  fibroTas.  The  sympkysis  is  flat  in  front,  and  convex, 
from  above  downwards,  behind.  It  is  deeper  and  narrower  in  men 
than  in  women ;  the  greater  width  in  the  latter  is  chiefly  owing 
to  the  thickne^ss  of  the  cartilaginous^  pads  on  either  side.  It  is 
covered  by  ligamentous  fibres  passing  between  the  adjacent  edges 
of  the  bones,  and  named,  according  to  their  position.  Supra-,  Infra-^ 
Anterior^  and  Posterior  ptthic  ligaments, 

Tlie  mode  in  which  the  pelric  bones  are  united  by  the  interpo- 
sition of  cartilaginous  and  fibrous  pads  contributes  greatly  to 
prevent  the  transmission  of  jars  firom  the  lower  extremities  to  the 
spine. 

•eldoro  tJie  sett  Ulceration  has  been  known  to  commence  in  the  aymphy- 
ofdiAeue.  sis' ;  but  it  is  rarely  the  seat  either  of  ankylosis  or  other 
disease.  A  case  is  related  by  Otto*,  where  it,  as  weU  as  the  right 
sacro-iliac  joint,  was  completely  ossified  in  a  woman  set.  32;  this  was 
supposed  to  he  due  to  a  diastasis,  or  to  fracture  of  the  parts  caused  by 
the  violent  use  of  the  forceps  in  a  former  labour.  He  quotes  two  other 
cases  of  ossification  of  the  symphjrsis  pubis,  and  remarks  that  it  not 
uncommonly  becomes  ossified  in  apes  and  other  animals  in  which  the 
cartilage  is  less  thick  than  in  man.  In  the  sacro-ihac  joint,  on  the  con- 
trary,  where  the  apijosition  of  the  hones  ia  closer  in  man  than  in  the 
other  ammals,  ankylosis  la  of  more  common  occurrence*  In  mimy  of 
the  lower  animals  the  symphysis  ia  much  deeper,  uniting  the  rami  of 
the  pubes,  in  their  whole  extent,  as  well  as  part  of  the  ischium,  so 
afTorchug  more  support  to  the  viscera  beneath  which  it  i^i  placed  in  those 
animals,  iasteacl  of  being  in  ^nt  as  in  man. 
Bofteiiiiig  of  It  has  long  been  a  question   whether  the  pelvic  joints 

l^mmeDts  la 

iiregDiKHT.  become  more  lax  in  pregnancy*  Rokitansky  observes  that, 
in  pregoancy,  the  firmness  with  which  the  bones  are  connected  is  slightly 
diminished,  the  fibroK^rtilagcs  becoming  succtdent,  soft  (and  vsscular?). 
Otto  quotes  from  Frank  the  case  of  a  woman  whose  pelvis  was  so  move- 


^  Tmna.  of  Path.  Soe,  v,  346, 

*  Dc  ranori  quodam  plenariae  oiuditm  pubia  ankylosaB  exemplo^ 
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able,  eveiy  time  she  became  pr^^nant,  that  ahe  was  unable  to  stand.  In 
a  woman  who  died  in  the  7th  month  I  found  the  pelvic  joints  permitted 
rather  more  movement  than  usual;  and  in  a  woman  on  whom  I  performed 
the  cffisarian  operation,  in  consequence  of  deformity  of  the  pelvis  fixnn 
moUities,  this  was  very  marked.  In  two  others,  who  died  at  the  foil 
term  undelivered,  I  could  not  be  certain  that  anj  change  had  takea 
place. 
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THE    FEMITE   (Plate  XXXVni.) 


Comparison  prcsciits  manj  points  of  similarity  to  its  correspondent 
with  hammii.  j^j^^  f^^^  humerus)  in  the  upper  extremity-  Its  hemi* 
spherical  head  is  set  off  at  an  angle  from  the  inner  side  of  the  shaft ; 
and  its  transversely  widened  lower  end  is  so  shaped  that  the  move- 
ments at  the  knee  are,  like  those  at  the  elbow,  of  the  hinge-kind. 
The  weight  of  the  body  is  received  on  the  inner  side  at  the  npper 
end,  and  is  transmitted  chiefly  through  the  outer  part  of  the  lower 
end,  that  is  to  say,  through  the  outer  condyle.  There  is  a  great  and 
a  lesser  **  tubercle'^  or  **  trochanter"  near  the  upper  end,  to  give 
attachment  to  the  muscles  which  rotate  the  bone  on  its  axis  as  well 
as  move  it  in  other  directions;  there  is  a  rough  projection  on  the 
outer  side  of  the  shaft  for  the  great  abductor  muscle ;  and  there  are 
other  obvious  features  of  resemblance  between  the  two  bones.  The 
femur,  however,  forms  part  of  a  larger  extremity,  and  has  to  bear 
great  weight;  it  is,  therefore,  a  larger  and  a  stronger  bone  than 
the  humerus;  it  measures  18  inches  in  length,  and  is  united  more 
securely  to  the  pelvis  than  the  humerus  is  to  the  scapula.  The 
range  of  its  movements  is  consequently  more  limited,  and  its  tro- 
chanters stand  out  more  boldly.  Its  head  is  carried  upon  a  longer 
neck,  to  give  a  wider  basis  of  support  to  the  trunk  and  for  other 
purposes  presently  to  be  mentioned.  Its  curves  and  twists  are 
somewhat  different.  Thus  its  shaft  is  bowed  forward  below  and 
btackward  above ;  and  its  head  and  neck  are  directed  obliquely  for- 
wards and  inwards  from  the  shaft,  instead  of  backwards  and  in- 
wards as  in  the  humerus;  hence  the  lesser  trochanter  is  in  a  plane 
behind  the  head,  instead  of  lying  in  front  of  it  as  it  does  in  the 
latter  bone.     Moreover  the  articular  surface  is  prolonged  upon  the 
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posterior  surfiice  of  its  lower  end,  instead  of  upon  the  anterior  siir-_ 
face,  which  permits  the  flexion  of  the  knee  to  take  place  backwa 
instead  of  forwards. 
Beifttfreiiae  ^^  '^^^  already  heen  remarked  (p.  89)  that  the  great 

B'*^  proportionate  size  of  the  femur  ia  one  of  the  pcculiaritieal 

of  the  hiMnan  skeleton ;  and  that  it  is,  on  the  whole,  most  marked 
in  those  races  of  mankind  whose  bodily  framework  and  whose 
intellectual  powers  are  best  developed.  In  addition  to  its  size  ad  aJ 
whole,  in  proportion  to  the  rest  of  the  skeleton,  the  human  thigh- 
bone is  marked  by  the  lengtli  and  size  of  its  neck  and  head  in  pro- 
portion to  the  rest  of  the  bone,  by  the  extent  to  which  the  head  ia 
covered  by  cartilage,  and  by  tlie  secure  manner  in  which  it  is  held 
in  the  acetabulum,  w4iilc  the  range  of  it5  movement  is  greater  than 
in  most  of  the  lower  animals.  It  may  be  stated  as  a  general  role 
that  the  bone  is  straight  in  propoiiion  as  it  Is  long;  that  is  to 
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Sectwm  of  77tigh-bone. 

Fig.  1.  Longitudinal  senctioTi,  from  aide  to  wde.  A,  part  of  inner  condyle,  neau*  \ 
which  tho  canoelU  are  faj-  apnrt,  B,  do,  of  oiiter  ootidyle.  Between  A'  and  £*  %  j 
dt;iiae  network  of  cnncNelli  indicates  tite  line  of  nnion  of  the  epiphysia  with  Uie  BtuLft. 
No  trace  of  BUch  union  of  the  eptphyaiB  of  the  hi^ad  is  viaihle,  C,  part  of  outer  con- 
dyle, from  which  cancclU  ascend  vertically  to  mutter  wall  of  shaft,  jP,  hinder  port  of 
trochlea,  above  which  tho  canccEi  are  fine.  O,  Upp^r  wall  of  neck^  towardj  which 
cancelli  oonvergo  from  outer  and  inner  wall  of  shaft.  U,  npper  surface  of  head,  from 
which  cancelli  descend  vertically  to  inner  wall  of  shaft.  /,  great  trochanter  fined 
with  delicate  cancelli. 

Fig.  a.  Horizontal  section  through  bond^  neck,  and  great  trochanter.  It  sbewa 
tb«  concave  outline  of  the  posterior  surface  of  the  neck,  the  dense  cancelli  in  the  head^ 
the  light  cancelli  in  tho  fore  part  of  the  neck  and  the  trochanter  (/),  and  the  canoelli 
radiating  from  tbe  hinder  wall  of  the  neck  {K). 

Fig,  3.     Horizontal  section  through  middle  of  shaft.     L,  Linea  aspera. 

Fig>  4.  Horizontal  section  ahove  condyles.  A^  projection  of  inner  wall  of  8fa*fL 
Mj  projection  of  outer  wall.     (7,  projection  of  anterior  wall. 

Figs,  5  and  6.  Horizontal  sections  through  upper  and  through  lower  parts  of  con- 
dyles. ^, inner  condyle.  B^  outer  condyle.  €%  projecting  anterior  edge  of  outer 
condyle.  Df  trochlea  for  patella.  B,  intercondjloid  fossa ;  the  csanceUi  radiate  from 
tho  wall  of  the  bone,  which  boiiodfl  the  fore  part  of  thia  fossa.   F,  groore  for  tendon  of 

poplitSBUB. 
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say,  the  curves  in  the  shaft  are  slighter^  and  the  angle  fonned  by 
the  neck  with  the  ahaft  is  wider,  in  a  long  thigh-bone  than  in  a 
short  one. 

The  BhAft:  Ub  "^^^  ^^^^  distinct  Curve  in  the  shajft  is  the  one  for- 

<™"«*.  wards,  which  involves  its  whole  length,  and  which  is 

most  marked  in  the  middle.  Near  the  upper  end  of  the  hone  the 
direction  of  the  curve  is  reversedj  in  consequence  of  the  head  and 
neck  being  slanted  forwards ;  and  the  lesser  troohanter  forms  the 
moat  prominent  point  of  this  backward  curve.  Slight  secondary 
curves  may  be  observed  in  the  shafts  of  some  thigh-bones ;  the 
direction  of  these  is  inwards  at  the  lower  part,  and  outwards  in  the 
upper  third. 

ita  iMnncst  ^^^  narrowest  part  of  the  shaft  is  at  and  near  the 

^•*^  middle,  about  the  situation  of  the  greatest  convexity  of 

the  forward  curve,  and  about  the  situation  of  the  confluence  of  the 
two  lateral  curves.  The  bone  is  here  denser,  and  its  out^r  wall  is 
thicker  than  elsewhere  (fig.  1);  and  it  is  here  further  strengthened 
by  the  marked  projection  of  the  Itnea  asperct  in  the  arc  of  tlic  curve. 
In  spite  of  these  compensator)'^  aids,  however,  it  remains  rather  a 
weak  point,  and  the  femur  is  more  oftcip  broken  here  than  elsewhere. 
The  lines  which  are  combined  in  the  Htiea  cLstperti  diverge,  above 
and  below  the  middle  third,  ascending  to  the  trochanters,  and  de- 
scending to  the  tubercles  of  the  condyles.  The  line  that  passes  to 
the  inner  condyle  is  less  strongly  marked  than  that  to  the  outer 
condyle,  and  is  interrupted  soon  after  it  leaves  the  linea  a^yera,  for 
about  two-thirds  of  an  inch,  by  a  smooth  space,  upon  which  the 
femoral  artery  lies  in  its  passage^  from  the  front  of  the  thigh,  into 
the  ham. 

Femoral  artery  The  artery  here  lies  so  cloee  to  the  femur  that  it  may  be 
expowd  to  In-  injured  in  cases  of  fracture*  I  rcmeinber  one  ca^e  in  which 
»t  lower  thinL  it,  afl  well  OS  the  vein,  was  divided  in  a  case  of  aimple  frac- 
ture by  a  sharp  fragment  of  bone  driven  backwards  against  them ;  and 
in  another  case  the  arteiy  was  obliterated  by  the  pressure  of  one  of  the 
displaced  broken  extremities  of  the  bone.  Tliat  it  so  often  escapes  in- 
jury when  the  bone  is  bmken  is  due,  imrtly  to  its  own  strong  elastic 
fltrticture,  and  partly  to  the  fibrous  sheath  of  the  triceps  adductor  muscle 
in  which  it  is  contained  at  the  pai-t  where  it  lies  nearest  to  the  femiir. 
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Lower  part  of 
shaft 


c&niii  for  ^^«^^  ^^^^  aboVe  tliis  smooth  poliit  18  the  orifice  of  the 

duiiwy  ftrteiy.  ^r^^j^Q^]  fy^  tlie  medullary  artery,  which  is  directed  up- 
wards. The  orifice  of  another  canal  for  the  same  pnrpose,  and 
taking  the  same  direction,  is  sometimes  found  higher  up,  at  about 
the  junction  of  the  middle  with  the  upper  tliird  of  the  shaft. 

The  lower  pail  of  the  shaft  becomes  large  and  broad 
as  it  approaches  the  condyles,  especially  in  the  direction 
of  the  inner  condyle,  which  stands  off  from  the  axial  line  of  the 
bone  in  a  more  marked  manner  than  does  the  outer  condyle.  The 
latter,  which  bears  the  greater  weight,  is  placed  more  directly  be- 
neath the  shaft ;  and  tlie  lower  part  of  the  shaft  is,  accordingly,  veiy 
thick  (firora  before  backwards)  on  the  outer  side,  and  is  strength- 
ened by  ridges  descending  along  its  anterior  and  posterior  surfaces. 
Hence  a  transverse  section  of  this  part  of  the  shaft  presents  a  some- 
what triangular  outline  (fig.  4)-  The  upper  third  of  the 
shaft  is  not  so  large  as  the  lower.  It  is  spread  out  a 
little  near  the  trochanlers ;  and  it*?  wall  is  thickened  on  the  outer 
side,  at,  and  near,  the  insertion  of  the  glotxeus  maximus. 

When  fracture  of  any  part  of  the  shaft  takes  place,  the  lower  por- 
tion is  almost  always  driven  up  behind  the  upper.  The  exceptions  to 
this  are  very  rare. 

The  neck  of  the  thigh-bone  is  long  and  strong,  for 
the  purposes  of  widening  the  basis  of  support  of  the 
trunk,  of  extending  the  range  of  movement  at  the  hip,  and  of 
increasing  the  leverage  of  the  muscles  which  are  attached  to  the 
upper  end  of  the  thigh-bone ^     It,  moreover,  contributes  somewhat 


Upper  pATt 


lf«elcofUii8li- 


*  Bell,  Prineiplea  of  Surgtrtf^  i.  'j6,  iUuBtrateg  tbe  advantaget  derived  from  the" 
obliquity  of  the  neck  of  the  tliigb-bone  by  the  dJshmg  of  a  wbe«l.  He  remarks  tliikt 
wheD  tbe  body  ia  equally  supported  on  botb  thigh- bones^  the  weight  is  transmitted  to 
thorn  in  an  unfavourabk  direction^  but  then  each  bearo  ita  own  fibare,  and  the  centre 
of  gmvitfttion  fallg  in  the  middle  between  them ;  and  when  the  body  is  Inclined  to  one 
side,  the  whole  weight  falla  upon  the  neck  of  one  thigh-bone,  but  it  fallfl  njKin  it  in  J 
new  and  more  favourable  directioni.  beari.'ng  upora  it  abnost  petpeodicularlj. 
compariBOo  faila,  however,  in  the  important  particular  that  the  inclination  of  the  1 
to  one  side  ii  not  attended  with  a  eorresponding  inelination  of  the  thigh.  On  the 
oontnury,  the  thigh  upon  whicb  the  body  rests  ia  incUned  in  an  opposite  direction,  aa 
aa  to  be  brought  more  perpendicnhurly  under  the  cetitre  of  gravitji  and  the  neck  of  the 
fvnmr,  being  thus  placed  more  nearly  at  right  angles  with  the  horizon,  ia  actu&Uj  in  m 
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to  the  elasticity  of  the  skeleton,  by  transmitting  the  weight  in  a 
curve  instead  of  in  a  straight  line.  It  forms  an  angle 
thethjiftpttF  of  about  125°  to  130"  with  the  shaft.  This,  however, 
iTiI^tr^tMgh  v^^^s  a  little.  As  a  general  rule  the  width  of  the  angle 
ind  nurTowiiew  fcears  a  proportion  to  the  length  of  the  thigh-bone  and 
tlie  narrowness  of  the  pelvis.     Tliis  may  be  illustrated 

by  the  accomjianying  diagram  in  which  A  and  B  rep  re-  "i —J? 

sent  tlie  angles  of  junction  of  the  necks  of  the  thigh-bones 
with  the  shafts*  AC  sxnd  BC  arc  the  two  thigh-bones 
approximated  to  one  another  at  the  knees  C.    The  line  c 

AB  represents  the  transverse  diameter  of  the  pelvis  with  the 
heads  and  necks  of  the  thigh-bones ;  and  is  accordingly  the  trans- 
verse measurement  between  the  upper  ends  of  the  thigh-bones,  the 
length  of  which  is  regulated  chiefly  by  the  width  of  the  j>elvis.  It 
is  evident  that  the  angles  at  A  and  B  will  be  reduced  in  proportion 
as  the  distance  from  A  to  B  (in  other  words  as  the  width  of  the 
pelvis)  is  increased^  Again  it  \i^  evident  that  they  vn\\  be  reduced 
in  proportion  as  the  length  of  the  lines  A  C  and  BC  (which  represent 
the  thigh-bones)  are  shortened.  In  women,  accordingly,  the  pelvis 
being  wide  and  the  thighs  short,  we  find  that  the  neck  of  the 
thigh-bone  forms  more  nearly  a  right  angle  with  the  shaft  than  it 
does  in  men*.  In  short  men,  also,  the  angle  is  smaller  tlian  in  tall 
men. 

The  angle  varies  somewhat  at  different  rMjriods  of  life» 

V«rl«*t  differ-  ^      .         .,  ,  ...  „  .  ,        ^ 

cotptiiodiof     It  IS  wide  in  the  cartilaginous  coudition  of  the  fcetus  and 

^*  in   the  child;    and    thia^   together   ydth    the    deticicncy    of 

width  of  the  pelvis  in  earlj  life  (p.  445),  causes  the  hips  to  be  narrow 

and  the  tr<x;hanters  to  project  but  little.     Hence   it  is  comparatively 

dilHcult  to  distiogukh   the   nature   of  injuries  about   the   hip-joint  in 


rather  /«<  fnvotirable  position  tlian  it  was  before.  Oompeniation  is  however  affbrdrd 
in  this  way.  'ftTien  the  hodj  reatii  upon  both  lower  limbt,  the  weight  la  home  upon 
the  <3^t'cniUie»  of  the  heada  of  the  thigh-boneft,  at  the  poinU  most  diatani  from  tho 
abn^fts.  When  tbe  body  is  inclined  to  ooe  eide  so  aa  to  rest  tipOD  one  Hmbj  the  lilting 
of  the  pelvis  throws  the  weight  more  directly  upon  the  upper  part  of  the  bead  of  the 
femur^  nearer  to  the  line  of  the  shafts  and  almoat  perpendicularly  over  the  denso 
Btmtnm  of  canceEi  that  descends,  from  this  part  of  the  head,  to  the  inner  waU  of  the 
shaft  (Fig.  1,  H). 

Ml  is  said  by  Sue  tb»t  the  neck  of  the  tbigh^boiie  ii  a  few  Uoefl  longer  In  women 
than  in  men. 


■s  united  in 
or  odwr  canaei 
mwhet  upon  tKo ' 
«r  tfe  keibd  of  the  bane. 


_  Dck  of  Ike  tfcigli  hamt  k  enluged  at  its  base,  I 

ind  ilB  verticil  Smmdkat  n  iiwusMoi^  bj  the  exteoBioiii 
and  tfuckeDzng  of  the  lower  edge  wkidi  ilopcs  down  to  join  the 
lower  tfocfaanler  snd  the  AaA  'Ue  ssbength  thus  imputed  is  . 
leHttiied  here  in  conaeqwiaDe  of  die  m^  mt  which  the  neck  ia 
act  upon  the  shaft  Another  atroog  pfojectmg  ridge  runs  along 
the  npper  and  anterior  part  of  the  neck  to  the  great  trochanter. 
Hence  the  neck  is,  in  its  ooter,  or  tnchaDtnl  hal^  flattened  from 
before  backwarda,  ao  that  iu  antero-posterior  diameter  measmrea  a 
third  less  than  the  reitical  diameter.  Near  to  the  head  it  is 
smaller  and  of  more  circiilar  shape ;  this  is  accordingly  the  weakest 
part,  and  the  most  frequent  seat  of  fracture. 

Thc  horizontal  section  (fig.  2)  shews  that  the  neck 
describes  a  alight  cnrve,  with  the  conrexity  forwards, 
that  is,  opposite  to  the  direction  of  the  curve,  which  is  formed  at 
the  junction  of  the  base  of  the  neck  witli  the  upper  part  of  the 
shaftt  The  curvature  ia  greater  on  the  hinder,  than  on  the  anterior, 
surface  of  the  neck, 


ila  eurre  fdc^ 


^  Tbia  alteratiou  doe»  not  invuriably  take  place,  Tims  I  have  found  the  uigle  to 
meaauro  1^5^  in  Bome  edentulous  skeletons  ;  but  in  the  greater  number  thftt  I  h*vo 
had  an  opportunity  of  examming,  it  was  mucli  below  this,  being  generally  about 
J  jof'  aSUit  the  age  of  70,  The  change  in  the  degree  of  inclination  of  the  neck  of 
the  thigh -Whq  la  ono  of  the  cMiusea  of  the  decreasing  of  the  height  of  the  figure  ia 
advancing  years. 
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„  ,   ,  It  resiiltu  from  this  curve,  that  when  fracture  is  caused 

rore  i«irt  of  \fj  a  blow  or  fall  upon  the  trochant^jr,  the  bone  yields  in 
torn  tiutmsh  ttt  ^^^  direction  of  its  convexity,  that  is  in  ^nt,  and  the  peri* 
fracture.  osteum  and  Bynovial  membrane  are  apt  to  be  hicerated  in 

that  situation  by  the  sharp  projecting  edges  of  the  fracture.  Moreover,  the 
anterior  convex  surface  of  the  neck  is  rough,  fierfoi'ated  by  many  holes  for 
vessels,  and  is  therefore  closely  connected  with  its  periosteum,  in  com- 
parison with  the  posterior  concave  surfiskce,  which  is  very  dense,  smooth, 
and  loosely  connected  with  its  periosteum.  For  these  two  reasons  we 
find  that  in  by  far  the  greater  number  of  cases  of  fracture  of  the  neck  of 
the  tlngh-bone  the  periosteiil  and  synovial  investments  of  the  bone  are 
torn  through  in  front,  but  retain  their  continuity  behind, 

CloBC  to  the  overhanging  cartilaginous  edge  of  the  head  of  the 
femur  the  neck  is  suddenly  enlarged  a  little,  and  is  perforated  all 
round  by  holes  for  veaseb.  Besides  the  vessels  derived  from  these 
sources  and  from  the  cancellous  texture  in  the  interior  of  the  neck, 
others  are  transmitted  to  the  head  of  the  bone  by  means  of  the 
round  ligament.  It  is  evident,  therefore,  that  the  head  and  neck 
of  the  femur  are  as  well  furnished  with  blood  as  other  parts  of  the 
osseous  system,  and  tliat  the  failure  of  reimion  after  fracture,  which 
is  so  commonly  observed  in  this  portion  of  the  skeleton,  cannot  be 
attributed  to  a  deficient  supply  of  nutritive  material. 


CKnitei  of 
lmbiliiie«  to 


The  liability  to  fracture  of  the  neck  of  the  femur  in 
elderly  i>erstnis,  and  especially  in  elderly  females,  is  depend- 
ent on  the  following  causes.  FirH^  this  pail  of  the  skeleton 
has  to  bear  a  conaiderable  weight,  which  falls  upon  it  in  a  very  nn- 
favouralile  tlii*ection ;  and  the  direction  becomes  increasbigly  unfavour- 
able with  advancing  yearn,  owing  to  tlie  gra<luid  decrease  of  the  angle 
between  the  neck  and  the  shaft,  Secmidlyy  dining  the  eariy  and  the  adult 
periods  of  life,  the  neck  of  the  femui'  is  enablcfl  to  meet  thii  difficulty  by 
the  large  amoimt  of  cancellated  texture  which  fills  up  its  interior,  and  by 
the  cancolli  being  disposetl  in  such  a  manner  (fig.  1,  //)  as  to  afford  su|h 
port  in  the  direction  in  which  it  is  most  needed  ,*  ao  that  the  neck  of 
the  femur  is  very  much  dependent  ftir  its  strength  upon  the  arrangement 
and  perfection  of  its  cancelli.  In  old  age,  however,  at  the  same  time 
that  tlje  difficulty  is  being  increased  by  the  alteration  of  the  angle,  the 
compensatory  aid  is  being  withdrawn  by  that  absorption  of  the  cancellated 
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tissue,  wliicli  takes  place,  more  or  less,  in  all  parts  of  the  skeleton 
at  tliLi  time  of  life  {p,  56),  and  which  eeema  to  b^u,  and  to  pr 
most  quickly  in  the  upper  end  of  the  thigh-bone.  Thirdly^  the  lessen- 
ing of  the  angle  formed  bj  the  neck  of  the  femur  with  the  shafts  in 
elderly  peraons,  throws  the  hips  more  out,  and  renders  them  more  ex*» 
posed  to  injury. 

iodfaUureof  These  are,  probably,  the  obief  causes  of  the  frequency 

^^"-  with  which  fimcture  occurs  through  the  neck  of  the  thigh- 

bone in  old  age,  and  of  the  comparative  exeiuption  of  young  pensoE 
from  the  accident  The  breakage,  as  I  have  already  said,  takes  place 
moat  fre<iuently  near  the  head  of  the  bone;  it  is  also  not  imcommon  in 
the  opposite  or  trochantral  paiii  of  the  neck.  In  the  latter  situation 
reparation  will,  under  favourable  circumstances,  commonly  take  ph 
and  bony  reunion  wiU  be  effected^  In  the  former  situation  such  a  result 
is  not  to  be  expected ;  because  the  bone  is  here  surrounded  by  only  a 
thin  sheet  of  fibrous  and  synovial  tissue,  which  affords  no  opportunity  for 
the  formation  and  lodgeraent  of  the  materials  from  which  any  eternal 
eaUus  might  be  fonued;  because  the  bony  surfaces  themselves  are  not 
retained  in  suMciently  close  and  steady  apposition  to  permit  of  the  slow 
process  of  direct  osseous  union  between  them ;  and  because  that  pr 
is  stiil  f^irther  disturbed  by  the  admission  of  synovial  fluid  into  the 
ture.  It  has  now  and  then  happened  that  the  two  fractured 
have  been  held  closely  together,  probably  because  a  portion  of  one 
driven  tightly  into  the  other;  and,  under  such  circumstances,  bony 
union  haa  been  established ;  but  it  is  a  rare  event  Sometimes  the  parts 
are  joined  by  fibrous  tissue;  often,  however,  they  remain  nearly  or  quite 
unconnected;  indeed  the  portion  of  the  neck  that  intervenes  between 
the  &acture  and  the  trochanters  usually  undergoes  absorption,  in  conse-^ 
quence  (probably)  of  the  pressure  and  friction  to  which  it  is  subjected, 
against  the  acetabulum  and  surrounding  parts,  by  the  weight  and  move- 
ments of  the  limb,  and  by  the  contraction  of  the  muscles. 


Tracluuitem 


The  Trochanters  {rpix^  ^^  rpoxaw,  to  run)  are  situated 
at  the  junction  of  the  neck  with  the  shaft;  and  they 
serve  to  strengthen  tliat  part,  and  to  give  attachment  and  levera^ 
to  the  muscles.  The  great  trochanter  ministerB  in  this  way  to  the 
muscles  which  abduct  and  rotate  the  thigh  outwards;  and  the 
lesser  trochanter,  in  like  manner,  to  the  psoas  and  tUacuSy  which 
bend  the  thigh  upon  the  trunk.   The  latter  process,  which  is  directed 
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inwards  as  well  aa  backwards,  serves  also  to  keep  the  tendon 
of  the  psoas  and  ilia^^us  clear  of  the  neck  of  the  femur.  These 
two  muscled  are  very  powerful;  they  are  the  great  agents  in 
advancing  the  lower  extremity  in  walking  or  running,  and  they 
have  the  leverage  afforded  by  the  whole  length  of  the  limb  against 
them ;  and  the  ridge  wliich  runs  irom  the  fore  part  of  the  head 
of  the  femur,  along  the  npjier  and  anterior  surface  of  the  neck| 
to  the  great  trochanter,  is  mainly  for  the  purpose  of  enabling  the 
neck  to  bear  the  forcible  tug  of  these  powerful  and  frequently 
acting  muscles.  The  top  of  the  great  trochanter  is  about  f  of 
an  inch  lower  than  that  of  the  head  of  the  femur.  The  difference 
of  elevation  between  the  two  varies,  however,  with  the  degree  of 
inclination  of  the  neck. 

A  rough  prominent  surface  for  the  attachment  of  the  tendon 
of  the  gluUBm  fnawimm — the  great  opponent  of  the  psocis  and 
iliaais — is  situated  a  little  external  to  the  trochanter  minor,  and 
runs  for  some  distance  down  the  hinder  and  outer  part  of  the 
shaft ^.  Thus  the  powerful  muscles  which  are  the  great  agents  in 
moving  the  lower  extremity  backwards  and  forwards  upon  tlie 
trunk — or  in  rolling  the  trunk  backwards  and  fonvards  upon  the 
extremity— are  attached  to  the  femur,  in  close  prox:iraity  to  one 
another. 

intertroehMi.  ^  ^^^   Intertrochanteric   ridges    the   posterior  and 

telle ridgea.  thicker,  running  directly  between  the  trochanters,  serves 
to  support  them  both  and  to  strengthen  the  bone  at  this  part  where 
the  weight  is  received  from  the  dense  concave  posterior  side  of  the 
neck.  The  anterior  gives  attachment  to  the  strong  anterior  liga- 
ment of  the  hip.  It  descends  from  the  fore  part  of  the  great 
trochanter,  along  the  base  of  the  neck,  to  the  level  of  the  lesser 
trochanter;  and  then  makes  a  sudden  bend,  or  rather  an  acute 
angle,  and  runs  upwards,  upon  the  lower  part  of  the  neck,  without 
touching  the  trochanter. 


^  The  space  for  the  attachmetit  of  the  glut^s^tt  maximMS  nuiB  out  into  a  broad  bold 
{vrooesa  in  the  hare  and  aome  other  animnkj  regemhling  the  prominent  ridgo  in  the 
humerus  of  the  mole,  to  which  the  ddtM — the  coirespondiDg  muacle  of  the  upper 
extremity— ia  ikttached. 
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A  longitudinal  section  of  the  tliigli-bone  (fig.  I) 
*«««•  shews  the  external  wall  to  be  peculiarly  thick  and  dense 

iji  the  middle  tliird  of  the  shaft,  or  rather  in  the  upper  part  of  the 
middle  third,  where  the  bone  is  naiTOwest,  and  where  the  medul- 
lary canal  is  most  completely  formed.  Traced  above  and  below 
this,  as  the  bone  becomes  expanded,  the  outer  wall  becomes  thin- 
ner, in  consequence  of  its  iinicr  surface  being  more  and  more  re- 
solved into  cancellated  texture,  which  extends  further  and  fdrtber 
into  the  medullary  canal,  narrowing  and  finally  obliterating  it. 
So  that,  in  the  upper  and  lower  thirds,  and  in  the  articular  ex- 
tremities particularly,  the  outer  wall  is  reduced  to  extreme  tennity, 
tlie  medullary  canal  is  quite  lost,  and  the  bone  is  almost  entirely 
made  up  of  cancelli.  This  is  the  case,  to  a  greater  extent,  in  the 
lower  third  of  the  shaft  than  in  the  upper  third ;  and  the  medullary 
canal  is  continued  further,  and  terminates  more  abruptly,  in  the 
latter  direction  than  in  tlie  former. 

The   disposition   of  the   bony   plates   forminsr    the 

Aimngoinmit  .    .  _ 

of  tht>  canccui  caucelli  is  worthy  of  remark.  In  the  upper  end  of  the 
bone  they  run,  in  great  strength  and  in  parallel  lines, 
from  the  summit  of  the  head  (77),  where  the  greatest  weight  ia 
borne,  downwards  to  the  expanding  inner  wall  of  the  shaft,  which  ia 
there  very  thick  and  is  strengtlicned  by  the  proximity  of  the  lesser 
trochanter.  Other  plates,  passing  off  from  all  round  the  interior 
of  the  wall  in  its  whole  circumference,  where  it  expands,  above  the 
level  of  tlie  lesser  trochanter,  run  upwards  and  converge,  near  the 
junction  of  the  neck  with  the  great  trochanter  ((?),  so  as  to  form  a 
series  of  arches  which  support  the  upper  wall  of  the  neck.  The 
great  trochanter  itself,  which  lies  external  to  the  Hue  in  which 
weight  is  transmitted,  is  composed  of  very  light  structure,  i.e.  of 
delicate  cancelli  enclosing  large  cells* 

Now  in  old  age  the  more  delicate  parts  of  the  cancellated  structure 
of  the  bone  are  first  removed,  that  is  to  say,  the  cancelli  in  the  great 
trochanter,  and  in  the  neighbouring  part  of  the  base  of  the  neck. 
Hence  a  blow  often  hreaks  in  the  great  trochanter,  or  causes  the  base 
of  the  neck  of  the  femur  to  be  broken  and  driven  into  the  interior  of  the 
great  tn>chxuiter,  which,  being  reduced  to  an  almost  adipose  state,  offers 
little  resistance.      The  same  change,  occurring  at  the  other  end  of  the 
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neck,  dears  away  tlii)  delicate  cancelli  on  either  side  of  the  strong  paralle! 
vertical  plates  above  mentioned,  so  as  to  leave  the  latter  almost  alone, 
Tliese,  toOy  become  weakened  by  the  same  process;  and  the  bone  which 
is,  at  this  part,  cliieily  dependent  for  strength  upon  the  perfection  of  its 
cancelli,  is  easily  broken  when  subjected  to  any  sudden  jar  or  blow. 


in  th«  lower 


At  the  lower  part  of  the  femur  the  cancelli,  gradually 
separating  from  the  inner  surface  of  the  wall,  as  the 
latter  becomes  more  and  more  expanded,  descend  chiefly  in  per- 
pendicular plates  to  the  articular  surface.  They  are  interrupted 
an  inch  above  it  by  a  wavy  transverse  line,  which  marks  the  jmic- 
tion  of  the  epiphysis  with  the  shaft,  and  which  is  more  appar^mt 
than  the  corresponding  line  between  the  head  and  the  neck,  in 
accordance  with  the  later  miion  of  the  lower  epiphysis.  This  line 
is  first  obliterated  in  the  middle,  above  the  part  where  the  nucleus 
of  the  epiphysis  was  first  formed,  which  seems  to  indicate  that  the 
union  of  the  latter  with  the  sliaft  h  first  effected  here.  The  can- 
celli are  strongtist,  and  moat  decidedly  perpendicular,  above  the 
middle  of  the  outer  condyle  (C),  where  the  greatest  weight  is 
borne.  Above  the  space  between  the  condyles  (D)  the  direction  of 
the  cancelli  is  more  confused.  Above  tlie  outer  part  of  the  inner 
condyle  they  arc  again  more  perpendicular.  A  small  space  on  the 
outer  part  of  the  outer  condyle  (B),  and  a  larger  space  on  the  inner 
part  of  the  internal  condyle  {A), — both  being  out  of  the  line  in 
which  the  chief  weight  is  borne — are  composed  of  light  cancelli 
with  large  interspaces.  Near  the  articular  surface  the  cancelli  be- 
come much  closer,  and  their  arrangement  is  less  clear,  though  their 
chief  direction  is  still  per|jendicular  to  tlie  siuface. 
i^ngtiinfihe  When  the  lower  ends  of  the  two  thigh-bones  are 

condyke.  placed  near  together  upon  a  level  surJace,  as  when  they 
rest  upon  the  upper  surfaces  of  the  tibiaa  in  the  erect  position,  their 
shafts  slant  away  from  one  another,  so  that  each  forms  an  angle  of 
about  15^  with  a  perpendicular  line  falling  between  tliem.  The 
degree  of  obliquity  varies  a  little;  it  is,  as  a  general  rule,  greatest 
in  women  and  in  short  persons,  i.  e.  in  those  persons  in  whom  the 
angle  of  the  neck  with  the  shaft  is  smallest.  The  inner  condyle  of 
the  femur  is  longer  than  the  outer,  in  order  to  render  the  articular 


^J 


\\ 


surface  at  the  knee  level.  Its  length,  therefore,  bears  a  relatioi 
the  obliquity  of  the  femar^  and  also  to  the  angle  formed  bj  \ 
neck  with  the  shaft.  This  obliquity  of  the  thigh-boneii,  and  { 
prolongation  of  the  inner  condyles,  permit  tfie  tibiae  to  be  broi]| 
close  together  under  the  line  of  gravity,  whereby  oscillation  of  1 
trunk  from  side  to  side  in  walking  is  diminished  or  prevented, 


Eivndjr-legaad 
knock  knee. 


In  some  instances  the  object  is  not  completely  attain 
the  inner  condyle  not  having  quite  its  proper  length.  ^ 
knees  then  are  wide  apart,  and  the  indi\^dwal  is  said  to  be  ''bam 
legged,"  and  has  rather  a  waddling  gait  On  the  other  hand,  the  in: 
condyle  may  exceed  its  i> roper  length^;  the  knees  are  then  too 
together ;  and  the  tibite,  instead  of  descending  verti<^lly,  acquire 
outwards,  so  that  the  ankles  are  separated  fnam  one  another.  This  oj 
stitutea  **  knock  knee  j"  it  is  always  attended  with  weakness  of  the  li 
and  an  imperfect  gait. 


aal^ 


1 


Holes  for 


At  the  bottom  of  the  deep  hollow  between 
hinder  part  of  the  condyle  a  are  two^  three,  or  m< 
foramina  for  Yessels.  They  correspond  with  the  medullary  foramj 
in  the  shafts  of  long  bones,  and  with  certain  large  foramina  ' 
the  vertebrae  and  other  short  bones ;  and  they  indicate  the  po| 
at  which  ossification  began*  Between  the  7th  and  8th  month  | 
foetal  life,  vessels  are  seen  to  enter  the  epiphysial  cartilage  at  t^ 
spot,  and  to  be  distributed  in  the  contiguous  substance  of  ti 
cartilage.  I 

Ossification  of  the  femur  begins,  near  the  middle  i 
the  shaft,  at  about  the  40th  day  of  foetal  life,  which  | 
a  little  earlier  than  in  the  shaft  of  the  humerus.  A  nucleus 
pears  in  the  lower  epiphysis,  just  above  the  interval  betweei 
condyles,  about  a  fortnight  before  birth.     This  and  the  adj 


Development 


"3 

n  1] 

ia«j 


1  It  would  be  more  proper  to  e&j  that  the  ot<^  condyle  doen  not  oHoin  its  prog 
length.  I  made  out  thiB  deficiency  of  kugth  of  tlie  outer  condyle  to  be  the  c&uho 
"koook'knee"  by  careful  GX&minatioDJi  of  patients  who  were  the  subjects  of  the  { 
formity  (Lectures  on  Surgery  in  Proviiiciat  Mrd,  and  Surg,  Journalj  1850,  p.  9I 
and  I  lately  found,  in  the  Mu§^e  Dupuytren,  a  apecimeu  in  which  the  ahortneaa  of  ^ 
condyle  is  very  Apparent;  still  more  recently  I  had  an  opportunity  of  verifying  i 
aame  by  dissection. 
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epiphysis  of  the  tibia  are  the  only  ones  in  the  IxMly  in  which  an 
osseous  nucleus  exists  at  birth.  The  presence  of  this  nticlena  h 
sometimes  of  importance  in  a  medico-legal  point  of  view,  as  afford- 
ing a  means  of  assisting  us  to  determine  the  age  of  a  fcEtua,  In 
accordance  with  the  law  that  epiphyses,  whicli  are  first  ossified,  are 
last  united  to  their  shafts,  the  lower  epiphysis  of  the  thigh-bone 
remains  separate  longer  than  any  other  in  the  body.  Ossifica- 
tion extends  from  the  shaft  into  the  neck.  A  nucleus  appears  for 
the  epiphysis  of  the  head  at  the  end  of  the  Ist  year;  in  that  for  the 
great  trochanter  about  the  4th  year;  and  in  that  for  the  lesser  tro- 
chanter abotit  the  13th  year.  The  several  epiphyses  are  united  to 
the  shaft  in  the  inverse  order  to  that  of  their  appearance ;  the  lesser 
trochanter  soon  after  puberty;  the  great  trochanter  at  about  17; 
the  head  at  18^;  and  the  lower  extremity  from  20  to  25. 

At  birtli  the  femur  present^  in  a  more  or  leas  marked 

Proportion  to 

Te«t  of  skeleton  manner,  tlie  same  curves  and  prominences  as  in  the  adult*. 

The  neck  is  abort  and  more  neai'ly  in  the  same  bne  with  the 
shaft  (PL  I,  p.  35)  i  the  two  thigh-bones  are  more  nearly  paraDel ;  and  there 
is  less  difference  in  length  between  the  outer  and  the  inner  condyle.  The 
bone  is  comparatively  short  at  birth,  and  does  not  attain  its  proper  rela- 
tive length  till  afW  puberty  {Table  at  p.  11 0).  It  is,  relatively  to  the  rest 
of  the  skeleton,  longer  in  man  than  in  most  animals,  and  in  the  European 
than  in  the  Negro  (jip.  106  and  108),  In  cases  of  rickets  it  not  imfire- 
quently  falls  to  attain  its  proper  lengtb  on  one  or  both  aides  (pp.  53, 
63,  100), 

The   connecting  medium  between  the  lower   epiphysis 

and  the  shaft  is,  not  iinfrequently,  the  seat  of  acute  ulcera- 
tive inflammation  in  young  persona  Exostoses  may  grow  from  various 
parts  of  the  thigh-bone;  the  most  frequent  situation  is  tho  front  of  the 
shaft,  where  they  are  commonly  broad  and  flat,  and  the  neighbourhood  of 
the  attachment  of  the  adductor  longus  to  the  inner  condyle,  where  they 


DiMuen 


^  Meckol  Bays  the  union  of  the  bead  takes  pt&ce  b«fore  that  of  iho  great  tro- 
chanter. 

^  The  curve  backwards  in  the  upper  part  ia  commonly  rather  more,  and  the  curve 
forwards  in  the  middle  and  lower  part  of  the  shaft  ia  ratber  leaa  decided  than  they 
tubeequently  become. 
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are  generally  more  elongat«iI\    Tt  is  frequently,  perliapa  more  frequently 
than  any  other  of  the  long  bones,  tlio  seat  of  enceplialoma,  wliich  nmj 
spring  from  its  sluift,  from  the  spongy  tcjctui'e  of  its  mtenial  ootidyk 
or  from  any  other  part. 


THE   PATELLA   (Platkb  XXXIX.  and  XL,) 


ProftecU  kno« 
udftfforda 
leverage  to 
qiUMlrioQpA. 


serves  to  protect  the  front  of  the  knee-joint;  and  it 
affords  aome  leverage  to  the  qmultiveps  extcnmr  niu»cle, 
by  distancing  its  tendon  from  the  centre  of  motion  in 
the  knee-  For  the  former  purpose  it  is  spread  out  so  as 
to  cover  a  large  space ;  and  it  is  flattened  upon  the  anterior  sur- 
face to  permit  of  kneeling  upon  it  without  diseomfort.  For  the 
sake  of  leverage  it  m  thick,  so  as  to  present  a  prominent  anterior 
edge,  which  ia  removed  to  some  little  tlifltanec  trom  the  articular 
Burface.  To  this  prominent  edge  the  tendon  of  tlie  quadricep§ 
is  connected  above,  and  its  continuatioUj  the  tendo-jmteUa^  lielow; 
and  some  fibres  of  communication  between  the  two  occupy  the  lon- 
gitudinal furrows  on  the  anterior  surface  of  tlie  bone*  Tlie  interval 
between  the  insertion  of  the  tendons  and  the  margin  of  the  cartilage 
of  tlie  patella  is,  in  each  instance,  occupied  by  a  roll  of  fat  (Pb 
XXXIX  F  and  I).  The  upper  edge  of  the  patella  is  broad, 
to  receive  the  broad  tendon  of  the  quadriceps,  and  is  slojx'd  a 
little,  from  above,  downwards  and  forwards.  The  lower  edge  la 
more  pointed,  the  tendo^patellai  being  leas  wide  tlmn  tliat  of  the 
quadriceps ;  it  is  prolonged  to  a  considerable  distance  below  the 
level  of  the  articular  surface;  and  it  overhangs  the  mass  of  fat  (/) 
which  lies  on  the  front  of  the  joint. 


1  B&rkow,  Analomi»ch€  Ahhandiungcnf  Broakw,  1S51,  do»orib«8  ft  poooMi  < 
aHy  mot  witli^  projecting  from  tho  outer  aide  of  the  iliafi  of  tbo  femur^  ftt  ft  ^ 
diftftuoo  ftbore  tho  condyle.  Ho  oallB  it  ''ext«rnal  jiupra-coiiflylaidt"  aiid  regards  it  mm 
maJiogooM  to  the  prooMi  found  in  the  bono,  beaver,  ftmuidillo,  &c,  Dr  Wllbrftrtd^ 
MrU,  tmd  For.  Mtd,  Rev.  six.  57  e,  deflcrtbeo  luoh  a  prooetu,  in  a  Htrong  miu3,  Bituaied 
ftt  tl»  ftttacbmont  of  tho  short  iwrtion  of  the  biceps  femon« ;  it  was  ono  inch  and  ft 
hftlf  long,  four  linea  tbick,  tuid  projectc^d  outwardH  nearly  tbrce*fourtha  of  ivn  incb^  and 
bftd  not  ftt  ftU  tho  ftpp«arftnoe  of  »  morbid  exofttotiB. 
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In  the  bent  position  of  the  knee  the  prominent  an- 
conrif lea  In  dif-  t^^H^r  surfiice  of  the  feiiioral  condyles  affords  a  leverage 
oToleM^t-^""  to  the  quadriceps ;  and  the  patella,  occupying  the  in- 
terval between  the  tibia  and  femur,  projects  very  little. 
Dimng  extension  of  the  joint,  as  the  tibia  comes  more  into  a 
level  with  the  fore  part  of  the  femur,  and  as  the  leverage  afforded 
by  the  latter,  accordingly,  diminiahes,  the  patella  mounts  upon  the 
prominent  surface  of  the  condyles,  stands  out  more  strongly  in 
relief  in  its  whole  length,  and  keeps  the  quadriceps  at  a  distance 
from  the  centre  of  motion.  In  the  last  stage  of  extension,  when 
the  flat  under  surface  of  the  femur  slides,  without  much  resistance, 
into  its  position  upon  the  surface  of  the  tibia,  and  when,  therefore, 
much  muscular  power  is  not  required  to  complete  the  movement, 
the  patella  again  occupies  a  less  prominent  position,  for  it  lies  upon 
the  uppermost,  slightly  retiring,  part  of  the  condyles,  and  upon  the 
still  more  retiring  anterior  sinrface  of  the  femur,  just  above  the 
condyles, 

in  the  fitxed  Thc  patella  must,  therefore,  be  considered  with  rc- 

'**'**  ference  to  each  of  these  three  positions  of  the  joint.     In 

the  most  flexed  position  (fig.  3),  only  the  upper  third,  or  fourtli, 
of  its  cartilaginous  surface  lies  upon  the  condyles  of  the  femur ; 
and  the  lower  two-thirds,  or  three-fom-ths,  re^^t  upon  the  large  mass 
of  ftit  (/)  which  occupies  the  triangular  inten^al  between  the  patella, 
the  femur,  and  the  tibia.  Accordingly,  when  the  knee  is  bent,  thc 
lower  part  of  the  patella  can  be  made  to  recede  upon  pressure;  and 
it  resumes  its  position,  when  the  pressure  is  removed,  proving  that 
it  is  supported,  not  by  bone,  but  by  the  elastic  pad  of  fat  just 
mentioned, 

diiiicg  exten-  ^^  extension  takes  place,  more  of  the  patella  is 

Bion;  gradually  drawn  upon  the  front  of  the  condyles ;  and,  be- 

fore the  limb  is  quite  straight,  the  whole  surface  of  the  patella  passes 
over  this  part.  At  the  intermediate  point  between  the  straight  and 
the  most  bent  positions  (fig.  2),  the  greater  part  of  its  surface  is  in 
contact  with  the  condyles.  The  whole  of  its  middle  third,  at  any 
rate,  lias  become  so.  The  patella  rests  now  upon  the  most  prominent 
portion  of  the  condyles,  affords  a  greater  advantage  of  leverage  to  the 
quadriceps  than  in  any  other  position  of  the  knee,  and  is  subjected 
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to  a  severe  strain  from  the  pull  of  this  powerful  muscle.  It  is,  ac- 
cordingly, when  in  or  near  tliig  poaition  that  it  is  most  frequently 
snapped  by  the  sudden  forcible  contraction  of  the  muscle;  and  in 
that  accident  the  lower  portion  of  the  Ijonc  is  usually  broken  off  from 
the  rest — or,  to  speak  more  strictly,  the  part  above  thia  is  broken 
off  from  it.  Hence  the  line  of  fracture  of  the  patella  is  comnaonly 
transverse^  and  is  situated  at  about  the  junction  of  the  lower  witli 
the  upper  two-thirds  of  the  bone,  or  a  little  below  the  middle.  The 
articular  siu*face  of  the  dried  patella  is  often  concave  at  this  part; 
but,  in  the  recent  state,  the  concavity  is,  in  great  measure,  filled 
up  by  the  cartilagej  which  is  thicker  here  than  elsewhere. 
In  the  extended  ^^  ^^^  third  position — ^that  of  the  fully  extended 
'^^^  knee  (fig.  1) — the  patella  is  drawn  up,  so  that  only  ^^ 

lower  third  or  fourth,  or  even  le^s,  of  its  articular  surface  ^^d^^ 
upon  the  articular  surface  of  the  condyles ;  and  the  upper  two-thirds, 
or  three-fourths,  lie  upon  the  bed  of  fat  which  covers  the  lower 
and  fore  part  of  the  shaft  of  the  femur. 

In  some  patellar  (PI  XL.  fig.  1)  three  facets  may  be 
observed  upon  the  articular  surface,  denoting  the  parts 
which  are  respectively  in  contact  with  the  condyles  in 
these  three  positions.  There  is  the  concave  middle  facet 
(D)  which  occupies  two-thirds  of  the  surface,  and  which  lies  upon 
the  prominent  convex  portion  of  the  condyles  in  the  mid-position  of 
the  joint.  This  is  separated  by  slight  transverse  ridges,  above 
and  below,  from  the  narrow  ftat  facets  {E  and  F)  which  respectively 
lie  upon  the  condyles  in  the  extended  and  flexed  positions. 


Three  fftceti 
on  Articular 

KnrfBice  of 
pat«IJ«. 


DESCRIPTION  OF  PLAT3E  XXXIX. 

Pateliu  in  three  ponitom  of  Knet, 


^ 


Fig,  I,  Right-knee  joint  viewed  from  outer  side  in  the  extended  position.  A,  fe* 
muT.  Bf  tibia,  <7,  fibula.  D,  section  of  pAtdla,  JB;  Rectus  tendon.  F,  fat  behind 
rectus  tendon.  G,  layer  of  fat  Upon  front  of  femur.  E^  tendo  patella,  /,  maas  of 
fat  bebind  tciido  pntellze.  A',  extem&t  lateral  Ugament.  Z,  ezternaH  aemilunaf  cauli^ 
lage,     M,  t«ndon  of  poplitceus. 

Fig,  1.     The  same  partially  bent.     Tbe  letters  aa  in  Fig,  K 

Fig.  3,     The  same  fully  bent.     The  letters  as  in  Fig»  i. 


/*iau:EDns^. 


Tif.  /. 


Fi^  2. 
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In  the  frog  tliero  is  no  patella;  but  its  plac<?,  as  an 
frog  luid  other  assistant  to  the  qiiadncepa  muscle,  is,  m  some  measure,  sup- 
MiTOAia.  plied  by  the  tendon  of  the  tibialis  cmticuSy  which,  arising 

fixnn  the  forepart  of  the  condyle  of  the  femur,  and  lying  beneath  the 
tendon  of  the  quadriceps,  serves  to  distance  the  latter  from  the  centre  of 
motion.  In  some  other  animals,  as  the  kan^Tio  and  ostrich,  where  the 
patella  is  absent,  the  loss  is  compensated  for  by  the  greater  prominence 
of  the  tubercle  of  the  tibia. 


FaUUa  borne 

cniUsr  oondjln 
of  femur. 


Owing  to  the  inclination  inwards  of  the  shaft  of  the 
femurj  and  the  great  strength  of  the  vastus  extemus, 
the  contTactile  power  of  the  muscular  fibres  which  pass, 
from  without  imvarBs,  to  the  patella  exceeds  the  force  of 
those  which  are  directed  upon  it  from  the  inner  side.  There  is, 
consequently,  a  mare  forcible  traction  exerted  up>n  it  in  an  outward, 
than  in  an  inward,  direction;  and,  to  resist  the  tendency  of  the  bone 
to  pass  outwards  by  reason  of  this  superior  force,  and  to  afford  a 
better  fulcrum  for  the  action  of  the  extensor  muscles,  the  outer 
condyle  of  the  femur  presents  a  larger  articidar  surface  for  the 
patella  than  dnes  the  inner  condyle,  and  the  outer  edge  of  the  former 
(PL  XXJi^Vin.  fig.  6,  C)  is  advanced  further  forward,  than  is  the 
inner  edge  of  the  latter'* 

Diaiocation ;  ■''**   spite  of  tMs  provision,  however,   when  dislocation 

from  diaeaae ;  takes  place  in  consequence  of  muaculai'  contraction,  which 
it  does  in  some  diseased  c^^inditions,  the  bone  is  invariably  drawn  on  to 
the  oiUer  side  of  the  joint  It  has  been  known  to  be  drawn  so  far 
backwardg  in  this  direction  that,  passdng  l>ehind  the  centre  of  motion  of 
the  knee,  when  the  joint  was  bent,  it  has  caused  the  quadricepa  to  act 
as  a  fi^oor  of  the  leg  upon  the  thigh '. 

Also  when  dislocation  takes   place   from   an   accident^ 

which  is  usuEdly  a  blow,  the  patella  is  commonly  driven  on  to 

the  outer  side  of  the  joint,  beca\ise,  lying  principally  upon  the  outer 


*  Tbe  prominenco  of  the  outer  condyle  in  front,  and  of  the  inner  condyle  behindi 
have  reference,  not  only  to  the  inclination  of  the  thigh  inwurdiij  but  also  to  the 
slightly  obUque  pkne,  in  which  the  leg  ib  moved,  in  flexion  and  extension,  upon  the 
thigh.     (See  de«cnption  of  the  knee-joint.) 

»  Robert,  Vkf^S^  Conformation,    Brit,  <inrf  For.  Med,  Bev.  July,  185s. 
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condyle,  it  is  more  easily  forced  in  tliis  direction,  Moreover,  when  it  IjM 
once  jmssed  over  the  edge  of  the  out-er  condyle  it  is  less  likely  to  be 
replaced,  than  if  it  had  gone  in  the  opposite  direction,  both  in  conse- 
quence of  the  greater  prominence  of  this  condyle,  and  of  the  pre|>onde- 
rating  force  of  the  vastus  externiia  as  comimred  with  that  of  the  \*^>ftuii 
intemus. 

The  artiexJar  surface  of  the  patella  is  divided  by  a 
urtTeabi^  fiJ^t  loBgitudiiial  ridge  into  two  unequal  facets,  of  which  the 
PBcaiiATto  outer  and  larger  is  adapted  to  the  outer  condyle  of  the 
femur ;  the  inner  and  smaller  rests  upon  the  inner  con- 
dyle ;  and  the  ridge  between  them  is  fitted  to  the  fiirrow  between 
the  condyles.  This  preponderance  in  si^e  of  the  outer  articular 
facet  is  peculiar  to  maru  It  is  asr^ociatcd  with  the  prominence  of 
the  fore  part  of  the  external  condyle,  which  has  relation,  as  just 
said,  to  the  inclination  inwards  of  the  Imman  thigh-bone  as  it  de- 
scends, and  also  to  a  slight  twist  in  the  shaft  of  the  femur,  which 
throws  the  outer  condyle  a  little  forwards,  j 

In  Quadrumana  the  thigh  is  nearly  vertical,  the  trochlea  is  in 
the  middle,  between  the  two  condyles,  and  the  articidiir  surface  of 
the  patella  ia  divided  into  two  equal  portions  by  the  lidge  which  occu- 
pies the  trochlea. 

In  most  animals,  below  quadrumana^  the  thigh-bone  is  inclined 
outwards,  away  from  the  trunk,  and  the  twist  in  the  .shaft  Ls  in  a  direc- 
tion oppofiite  to  that  in  the  human  femur ;  the  inner  condyle  is,  conBe- 
quently,  thrown  more  forward,  is  more  pi-ominent  than  the  outer,  and 
has  to  hear  the  chief  stress  of  the  j>ull  of  the  extensor  muscle.  The 
patella  is  shaped  in  a  corresponding  manner  in  these  animals,  its  inner 
articular  facet  being  larger  than  the  outer.  By  the  mere  oliservation, 
therefore,  of  the  relative  size  of  its  articular  facets,  the  human  patella 
may  l>e  distinguished  from  that  of  any  other  animaL 

The  patella  corresponds  with  the  other  sesamoid 
biwm^oid  tones  in  being  composed  throughout  of  nearly  unifoi-ni, 
ibiitnic-  ^gng^,^  cancellated  structure.  Hence  it  is  of  great 
strength,  which  is  necessary  to  withstand  the  power- 
ful contraction  of  the  quadriceps.  That  it  has  no  greater  sti-ength 
than  is  needed,  is  proved  by  the  fact  that  it  is  not  unfrequently 


tare. 


DeTelopmexit. 


snapped  by  the  siuldcn  pull  of  the  muaele;  it  more  fi-equently 
gives  way  than  either  of  tlie  tendons  by  which  it  is  connected  with 
the  muscle  and  with  the  tibia. 

It  m  formed  of  cartilage  in  the  third  month  of  foetal 
life;  and  it  remains  cartilaginous  till  the  second  or  third 
year  after  birth,  when  an  osseous  nucleus  appears  near  the  middle, 
beneath  the  spot,  on  its  anterior  surface,  where  Beveral  foramina  for 
vessels  may  be  usually  seen.  The  nucleus  soon  aajuires  a  knotty 
or  tuberculated  outline,  which  is  quite  different  from  that  of  ordi- 
nary bones,  being  a  peculiarity  of  the  sesamoid  bones.  Ossitication 
is  complete  about  the  time  of  puberty.  The  patella  attiiins  to 
greater  proportionate  size  ui  man  than  in  the  ape,  and  in  the  Eu- 
ropean than  in  the  Negro,     It  is  usually  small  in  rickety  persons. 


lU  homologuc. 


Its  relation  is  evidently  rather  with  the  quadriceps 
extensor  muscle  than  with  any  particular  bouej  and,  iu 
deciding  its  correspondence  with  any  bone,  or  bony  process,  in  the  upper 
ertrernity,  we  must  be  guided  chicHy  by  the  connection  of  such  bone  or 
process  with  the  muscle  in,  the  ai-m  whicb  corresponds  most  nearly  with 
the  quadriceps.  The  triceps  extensor  of  the  forearm,  in  function  and 
attachments,  jinswera  in  many  respects,  in  more  respects  than  any  other 
muscle,  to  the  quadriceps  extensor  of  the  leg,  and  may,  1  think,  fairly 
be  regarded  as  its  correspondent.  As  this  muscle  has  no  sesamoid,  there 
is  no  distinct  liomologue  of  the  patella  in  the  upper  limb,  and  the  only 
part  which,  it  seerns  to  me,  can  fairly  be  considered  as  presenting  a 
claim  to  be  compared  with  it  is  the  olecranon  process  of  the  ulna,  into 
which  the  triceps  tendon  is  implanted. 


The  narrow 
uud  wcjik 


THE  T1BL\     (Plate  XL.) 

is  about  14J  inches  in  length.  The  shaft  gradually 
decreases  in  size  from  the  upper  end  to  about  4  inches 
above  the  ankle,  and  then  expands  again  a  little;  and 
a  cursory  glance  at  the  skeleton  indicates  that  this  nanrowei^t  part 
of  the  tibia  has  to  bear  a  greater  weight  upon  a  smaller  area  than 
any  other  bone.  The  section  shews  the  wall  of  the  shaft  to  be 
rather  thick  here ;  but  experience  tells  us  that  this  does  not  quite 
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make  amends  for  tLfe  flmallness  of  the  calibre  of  tlie  bone,  and  tl 
the  tibia  cotistitutes  no  exception  to  the  rule  that  the  several  bones 
are,  in  the  adult  at  any  rate,  weakest  where  they  are  smallest. 


LUbleto 
fk«cfeureuid 


The  lower  third  of  the  leg,  indeed,  is  more  often  l^roken 
than  any  other  part  of  the  inferior  extremity.  When  & 
man  falls  from  a  height  on  one  or  both  feet,  fracture,  if  it  occur, 
place  moat  frequently  m  thia  situation*  The  first  e^^dence  of  ricket 
generally  afforded  by  an  increase  of  the  Wnd  in  the  lower  part  of  the 
tibia-  and  that  the  bone  is  here  vitwlly,  as  well  as  phj^ically,  weak 
is  proved  by  its  being  more  often  the  seat  of  inJIammation,  with 
the  various  sequences — sclerosis,   node,  uloeration  and  necronis^ — than 


DESCRIPTION   OF   PLATE  XL. 

Fig.  I .  YcTticiil  seotioD,  from  Ix^fore  backwanb,  through  prntetlR.  A,  upper  edge 
where  rectus  teadon  is  ntULohed.  B,  lower  edge  where  ten  do  putellie  w  attached. 
€,  interior  siirface ;  the  caucelli  immediately  heneath  it  He  parallel  with  it.  1>,  E^  F, 
middle,  npp«r  and  lower  portions  of  articular  surface. .  The  caooetli  radiate  from  this 
surface  towarda  the  other  purts  of  the  booe. 

Fig.  a.  Vertical  sectioD  from  before  backwards  through  tibia.  At  crest.  B, 
pocttorior  wall,  C,  spine.  D,  space  in  front  of  Bpine  ;  E^  ditto  behind  spine.  P,  F, 
line  of  union  of  upjMjr  epiphj»is.  G^  G^  ditto  of  lower  epiphyna.  H,  tuberde.  /, 
point  of  insertion  of  tcodo  patellae. 

Fig-  3"  Vertical  Bectioii  through  fibula.  A^  upper  articular  snrfaco.  Bf  lofwer 
ditto,  with  cnncelli  radiating  from  it.  C,  projecting  upper  extremity  to  which  exteniAl 
hktend  ligament  is  atiaclied.  D,  outer  malleolug;  the  canc«lli  are  here  parallel  with 
surface. 

Fig.  4.  Tibia  and  fibuk  at  birthj  viewed  from  inner  side^  shewing  the  curve  of 
tibia  near  upper  end. 

Fig.  5.  Horizontal  section  through  tibia  and  fibula  near  the  middle  of  leg,  shew- 
ing the  relative  poeition  of  the  two  bones,  Ac,  A^  crest  of  tibia,  B,  poeterior  wall. 
Cj  ridge  for  interosseous  membrane.  D,  edge  on  fibuhv  for  attachment  of  extensor 
longus  digitorum.  E^  hollow  on  outer  side  of  fibula  for  poronei.  F,  ridge  for  int«r* 
osseous  membrane. 

Fig.  6.  Horizontal  section  through  tibia  and  fibula  at  narrowest  part.  A,  B,  C, 
Df  E,  tbe  same  as  in  preceding. 

Fig.  7.  Horizontal  s^ctioti  through  tibia  and  fibuhi  a  httlo  above  lower  articular 
Aurfaoe  of  tibta.     A,  anterior  surface,     B,  posterior  surface. 

Fig*  8.  Vertical  section,  from  side  to  side,  through  upper  end  of  tibia,  C,  inner 
tuberde  of  s|nne.  C\  outer  ditto.  F^  F,  Un&  of  union  of  epiphysis.  A'  and  L,  inner 
and  outer  articular  aurfaces,  with  dense  hone  beneath  them  smd  bouy  plates  deacendini^ 
vertically  to  the  inner  and  outer  walls  of  shaft ;  whereas  beneath  the  spine,  where  tio 
weight  is  borne,  the  canc^Ui  are  fine  and  irregularly  disposed. 
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any  other  part  of  the  skeleton.  It  would  seem,  too,  as  if  the  adja- 
cent Boft  parts  part-ouk  of  this  infiiTnity;  for  vai-ix  of  the  8ubcutaDe- 
QUB  veins,  and  of  the  small  cutaneous  Teaaels,  pnrpurous  apot%  eiy- 
thema,  and  ulcers  are  far  more  coEnmon  iu  this  region  than  ^sewhere. 

We  natiirallj  enquire  what  are  the  advantaires  jzained 

AavanUges  of  ^  i  — »       o 

inuiii  HUe  or  hy  this  economy  of  size,  to  compensate  for  the  disadvantages 
1«§  »t  tbi*  part,  ^j^i^jj  -^  entails.  In  the  first  place,  it  is  essential  to  activity 
that  the  componeuta  of  the  extremities  should,  as  much  as  possible, 
decrease  in  size  as  they  become  more  distant  from  the  centre,  inasmuch 
as  the  area  through  which  they  must  be  moved  increases  in  like  propor- 
tion with  the  distance  from  the  centre  of  motion,  and  much  bulk  and 
weight  would  bo  an  impediment  to  quickness  of  movements  Accord- 
ingly, although  the  foot  is  spread  out  to  afford  a  basis  of  support  upon 
the  ground,  the  hones  of  the  lower  limb  diminish  in  size  as  they  ap- 
proach the  ankle  J  the  slight  exception  ailurded  by  the  eidargement  of 
the  lower  ends  of  the  tibia  and  fibula  l^eing  requisite  to  give  greater 
secnrity  to  the  ankle-joint.  In  like  manner,  the  bones  of  the  forearm 
decrease  in  size  as  they  desceml,  till  near  the  wiist-joint,  when  they 
again  expand  a  little.  Secondly,  the  coatmction  of  the  leg  aijove  the 
ankle  gives  greater  space  for  the  play  of  the  apposite  foot,  when  it  i:^ 
carried  for%Tird  in  walking  and  ninning,  and  prevents  the  one  limb 
being  ciiught  and  iojured  by  the  other. 
„         ,  To  admit  of  the  small  ai«e  of  the  bones  at  this  part  few 

ho  muscle*  '^ 

Attached  here,    or  no  musculiU"  fibrcs  take  their  origin,  and  no  tendons  are 

implanted,  here.     Tlie  various  tendons,   to  which  the  muscular  fibres 

have   convergetl,    are   reduced  to  the    smallest  dimensions  compatible 

witli  the  requir©d  strength ;  they  lie  close  to  the  bones,  being  connected 

with  them  by  loose  areolar  tissue  or  synovial  sheaths,  and  are  bound  in 

their  places  by  strong  bands  of  fascise. 

sides orih«  ^^  ^'^^  point  to  which  I  have  been  referring,  the 

■*>*"'  tibia  is   nearly  cylindrical.      Above    tliia    the  shaft  m 

distinctly  three-sided.  Of  these  sides  the  inner,  or  broadest, 
forms  the  shin,  and  is  covei*ed  only  by  skin  and  subcutaneous 
tissue.  The  fascial  investment  of  the  rest  of  the  limb  is  con- 
nected Avith  the  anterior  and  posterior  edges  of  the  tibia,  and 
does  not  extend  upon  this  inner  side,  which  is,  accordingly,  a  good 
deal  exposed  to  injury,  and  occasionally  suffers  from  the  extension 
of  inflammation  from  the  skin.     I  have  called  it  the  inner  side; 
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but  it  18  I'eally  inclined  so  as  to  luok  forwards  and  inwards,  a] 
meeting  at  an  angle  the  strong  fascia  wliich  extends  to  its  anterior 
margin  from  tlic  fibula,  it  gives  to  the  fore  part  of  the  leg  a 
shape  favourable  for  making  its  way  through  the  air  and  water, 
or  through  long  grass,  underwood,  heatli,  &c.  The  hinder  and 
the  outer  sides  of  the  tibia  present  nothing  remarkable.  Tliej 
are  smooth,  giving  origin  only  tci  muscular  fibres,  except  in  the 
popUtml  Um,  where  the  bone  is  rougli  for  the  attachment  of  the 
tendinous  fibres  of  the  popliteal  muscle  and  fascia. 

A  little  below  the  popliteal  line,   in  the  posterior 

linaal  for  me-  ^  .  . 

aiiiLuyixt€T7;  aspcct  of  the  shaft,  is  the  large  opening  of  the  canal  Jbr 
the  fm'ditllari/  artery^  slanted  downwards,  and  directed, 
as  usual,  towards  ttie  epiphysis  first  united,  and  towards  that  part 
of  the  shaft  which  is  smallest  and  hardest,  and  which  contains  the 
medullary  canal  in  its  most  developed  state.  The  reaaon  that  this 
orifice  and  the  vessel  it  transmits  are  so  large,  in  comparison  with 
those  of  other  bones,  is^  not  that  the  medullary  canal  is  larger  than 
in  other  bones,  for  that  of  the  femur  is  both  wider  and  longer,  but 
because  the  contents  of  the  medullary  canal,  and  of  the  cancellated 
tissue  for  some  distance  beloWj  are  almost  entirely  dependent  upon 
this  artery  for  their  siqjply  of  bloods  They  are  so,  to  a  greater 
degree  than  corresponding  parts  in  other  bonesj  forasmuch  as  the 
wall  of  the  shaft  of  the  tibia,  being  here  very  dense  to  enable  it  to 
bear  so  great  weight  upon  so  small  an  area,  can  transmit  very  tew 
vessels  to  the  interior. 

Of  the  three  ridges  that  separate  the  three  sides  of 
the  shaft,  the  anterior,  called  the  CreM,  is  the  most  con- 
spicuous. It  contributes  greatly  to  the  strength  of  the  bone.  It  is 
BerpentinCj  being  curved  outwards  in  its  lower,  and  inwards  in  its 
upper,  part;  and  the  flexures  in  the  slighter  cases  of  rickets  are 
usually  exaggerations  of  these  curves  in  the  crest.  In  the  more 
severe  cases  of  rickets,  where  the  eflects  of  the  malady  are  evinced 
at  an  earlier  period,  there  is  often  only  one  flexure;  and  this  is 
an  exaggeration  of  the  forward  curve  which  is  presented  by  the 
bone  between  its  two  extremities,  and  which  is  most  marked  near 
the  upper  end.  In  the  lower  third  of  the  shaft  the  anterior  surface 
of  the  bone  is  flattened,  and  the  crest  disappears.     At  the  upper 
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part  the  cre^t  is  coiuiected  chiefly  with  tlie  out43V  condyle  of  the 
head  of  the  tibia.  It  is  partly  intemipted  by  the  tuber  tibiae ;  the 
arrangement  is  sucli  that  the  pull  r)f  the  great  extenj*or  musele 
is  made  directly  upon  this  strong  anterior  part  of  the  tibia. 

The  inner  ridge  may  be  traced,  below,  to  the  hinder  part  of  the 
malleolus ;  above,  it  ia  lost  in  the  inner  side  of  the  head  of  the 
tibia.  The  outer  ridge  is  most  distinct  in  the  middle  part  of  the 
.nhaft,  and  gives  attachment  to  tlie  fibres  of  the  interosseous  mem- 
brane. It  is  continued,  above,  into  the  outer  part  of  the  head  of 
the  tibia ;  and,  below,  it  is  directed  towards  the  concavity  for  the 
lodgement  of  tlie  fibula. 

w^rirdispowition  ^^  would  scem,  therefore,  from  the  disposition  of 
witii  reference    thc-se  ridccs,  that  the  weidit,  received  from  the  outer 

to  the  tmnaniifh  ^  ,  , 

Binw  of  weight  oondyle  of  the  femur,  is  chiefly  transmitted  along  the 
■  outer  and  anterior  part  of  the  tibia,  while  that  from  the 
inner  condyle  is  cliiefly  transmitted  along  the  inner  and  posterior 
part  of  the  bone.  This  construction  of  the  tibia,  and  this  disposi- 
tion of  the  weight  received  from  tlie  respective  condyles,  accord 
with  the  fact  that  a  slight  rotation  of  the  tibia  outwards  at  the 
knee  accompfinies  the  extension  of  the  leg  upon  the  tliigh^;  it 
being  evident  that  such  rotation  will  bring  the  outer  condyle  of  the 
femur  into  moi*e  close  relation  with  the  anterior  surface  of  the  tibia, 
and  the  inner  condyle  into  more  close  relation  with  the  posterior 
suriace. 

The  slight  obliquity,  iVom  above,  dovtniwards  and 
outwards,  which  may  be  observed  in  the  direction  of 
the  rough  ridge  on  the  lower  part  of  the  tuber,  for  the  insertion  of 
the  tendo  patella^,  and  the  direction  of  the  little  processes  which 
create  the  roughness,  have  relation  also  to  this  rotation  which 
accompanies  extension  of  the  knee.  For  they  indicate  that  the 
fibres  of  the  tendon  descend  with  alight  obliquity  inwards  to  the 
tuber;  and,  consequently,  that  the  traction,  made  upon  the  tulx^r 
by  the  quadriceps,  will  exert  some  influence  in  rotiiting  the  tibia 
outwards,  in  addition  to  the  greater  result  of  extending  it  upon 
the  femur. 


Th«  tuber. 


^  800  dMcripiion  of  knee  joint,  p,  516. 


^ 
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It  ia  well  to  remark  how  near  to  the  articular  suriace 
Sr°"rb^°  (about  half  an  inch  only  from  it)  is  the  faint  ridge  encircling 
the  iifiper  end  of  the  bone,  which  indicates  the  line  of  union 
of  the  epiphyaia  with  the  shsSL  Because  ifi  in  a  young  person,  the  aeo- 
tion  be  made  below  this  line  lo  the  operation  of  excision  of  the  kneei 
and  the  whole  of  the  ei»iphysia  with  a  poiinon  of  the  shaft  be  removed, 
the  atratiim  of  cartilage,  hy  nieani*  of  which  the  shaft  is  increased  in 
length,  will  be  taken  away;  and  it  lb  probable  that  the  subsequent 
growth  of  the  limb  will  be  impaired  (p.  44), 

The  upper  end  of  the  tibia  is  wider  behind  than  in 

tJppei  endL 

front,  corresponding  with  the  shape  of  the  under  sur&ee 
of  the  femur.  It  overhangs  the  shaft,  behind,  whereas,  in  front,  it 
is  rather  retiring;  thus  creating  a  cm*ve  at  the  junction  of  the  shaft 
with  the  head,  which  k  more  marked  in  the  foetal  (PL  XL-  fig.  4)  and 
young  bone  than  in  the  adult  (fig,  2)*  The  outer  condyle  projects 
in  an  especial  manner  over  the  fibula,  so  as  to  transmit  some  weight 
to  it ;  and,  for  the  same  purj^ose,  the  articular  facet  for  union  wth 
the  fibula  is  almost  horizontal.  A  curved  line  runs  forwards  from 
this  facet,  and,  descending  on  the  outer  side  of  the  tuber,  joins  the 
crest ;  it  gives  attachment,  below,  to  the  fascm  of  the  leg  and  to 
the  uppeimost  fibres  of  tlie  tibialis  anticus  and  the  extensor  longus 
digitorum ;  above,  it  gives  attachment  to  some  fibres  of  the  biceps 
tendon  near  the  fibula,  to  a  strong  process  of  the  fascia  lata  which 
descends  upon  the  outer  side  of  the  knee  from  the  tensor  vaginsB 
femoris,  to  the  fibres  of  the  vastus  extemus,  and  to  the  fascial 
investment  of  the  knee,  A  corresponding  curved  line,  ascending 
from  the  inner  side  of  the  tuber,  beneath  the  inner  articular  end, 
terminates  in  the  rough  ridge  for  the  insertion  of  part  of  the  semi- 
membranosus tendon;  it  gives  attachment  to  the  vastus  internus, 
and  to  the  fascial  covering  of  the  inner  side  of  the  knee.  It  is  less 
marked  than  the  outer  line.  Beneath  the  ridge  for  the  semi- 
membranosus is  a  rough  apace  for  the  attachment  of  the  internal 
lateral  ligament,  and  above  it  is  a  groove,  lined  with  cartilage,  but 
not  communicating  with  the  joint.  This  groove  is  occupied  by  a 
part  of  the  semi-mcmbranosus  in  the  flexed  position  of  the  joint ; 
and  the  portion  of  the  tendon  which  is  so  placed  runs  on  to  be 
inserted  into  the  bone  just  in  front  of  the  groove. 
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Interior  of  ui©  ^  section  of  the  tibia  (fig.  2)  shews  the  medullary 

bono.  caviti/  to  be  well  formed  where  the  bone  is  smallest,  and 

where  the  wall  of  the  shaft  is  tliickest ;  that  is,  rather  below  the 
middle.  It  shews  also  the  plates  of  the  cancel]  i  diverging  from 
tlie  inside  of  the  wall,  as  it  expands  and  becomes  thinner,  above  and 
below.  At  the  lower  part  they  run  perpendicularly  to  the  articular 
surface ;  above,  they  do  the  same,  but  are  directed  in  greatest  num- 
bers towards  the  muhlh  of  each  articular  facet,  where  there  is  a 
thick ish  stratum  of  dense  bone  intervening  between  them  and  the 
cartilafjf^^ 

Ossification  begins  in  the  middle  of  the  shaft  of  the 
tibia  at  about  the  50th  day  of  fetal  life,  and  quickly 
extends  upwards  and  downwards.  A  nucleus  for  the  upper  epi- 
physis {PL  I.  p.  35)  appears  before  birth ;  the  tubercle  is  usually 
formed  by  a  prolongation  of  this,  but  now  and  then  has  a  sepaiate 
centre.  The  nucleus  for  the  lower  epiphysis  appears  at  about  a 
year  after  birth;  an  extension  of  it  forms  the  internal  malleolus 
(PI.  II.  p.  40)  J  it  is  united  with  the  shaft  about  the  18th  year. 
The  union  of  the  upper  epiphysis  with  the  shaft  does  not  take 
place  till  between  the  20th  and  24th  yejirs.  The  curvxs  at  birth 
are  commonly  as  maiked  as  at  subsequent  periods ;  the  anterior  one 
near  the  upper  end  is  more  so. 


Development 


THE  FIBULA,    (Plate  XL.) 


The  hinder  part  of  the  outer  tuberosity  of  the  tibia 
face roT attach-  projccts  a  good  deal,  so  as  to  overhang  the  shaft;  and 
the  fibula,  which  is  articulated  with  this  part,  serves,  in 
some  measure,  as  a  prop  to  it ;  but  the  office  of  the  fibula  is  le^s  to 
carry  weight  than  to  widen  the  space  for  the  attachment  of  muscles 
and  to  give  security  to  the  ankle-joint.  Accordingly,  it  is  covered 
by  muscles,  except  at  the  lower  part,  which  is  left  exposed  in  con- 
sequence of  the  muscles  and  tendons  separating  to  pass,  some  in 
front  of,  and  others  behind,  the  ankle.  Its  value  a3  a  means  of 
increasing  the  basis  for  attachment  of  muscles  must  not  be  esti- 
mated simply  by  the  external  area  of  the  bone  itself,  which  is 
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small ;  but  it  miist  be  remembered  that  the  whole  Bpace  between  it 
and  the  tibia  i8,  through  its  means,  rendered  available  for  the  same 
purpose  by  the  aid  of  the  interosseous  membrane.  Tbe  fibula  is 
finnly  bounrl  to  the  tibia  above  and  below;  so  tliat  botli  bones 
are  often  broken  together.  When  they  are  bo,  the  fracture  in  tlie 
fibula  is  commonly  at  a  higher  point  than  that  in  the  tibia. 

It  has  one  chief  Curvature^  which  is  backwards ;  in 
an  opposite  direction,  therefore,  to  the  chief  curve  in  the 
tibia.  This  causes  it  to  be,  in  a  considerable  part  of  its  extent, 
behind  the  level  of  the  tibia,  so  much  so  that,  in  the  middle  of  the 
leg,  its  anterior  edge  lies  in  a  plane  behind  the  posterior  edge  of  the 
tibia  (figs.  5  and  6).  Hence,  unless  c^ire  be  taken  in  the  flap 
amputation,  tbe  point  of  the  knife  is  very  likely  to  be  passed  be- 
tween the  two  bones,  whicli  causes  some  embarrassment  in  the 
operation.  The  lateral  curves  are  slight ;  the  chief  is  one,  in  the 
middle,  towards  the  tibia.  The  narrowest  part  of  the  bone  is 
nearly  on  a  level  with  that  of  tlie  tibia ;  it  is  the  part  which  is 
usually  broken  when  the  ankle  is  dislocated-  The  shaft  ia 
thicker  at  the  middle  than  at  either  end,  and  presents  projecting 
ridges  which  increase  the  suriace  for  attachment  of  muscles.  The 
medullary  arter}^  pierces  the  hinder  surface  of  the  shaft  a  little 
above  the  middle,  and  slants  downwards  towards  the  narrowest 
part. 

ituxnuteiipr  of  The  fibula  is  a  very  inconstant  bcme  in  the  animal  series. 
Some  relation  may  be  oteei-vetl  between  the  extent  of  its 
development  and  that  of  the  ulna;  but  tlus  is  not  tmi- 
forra.  In  Carnivorous  and  Pachydemiiitmis  animals  it  extends  from 
the  end  of  tbe  tibia  to  the  ankle,  as  in  man.  In  most  Rodents  it 
is  united  with  the  tibia  at  the  lower  part  In  RuniinantB  it  alto- 
gether di-sappeara  In  Birds  it  is  present,  its  upper  extremity  en- 
tering into  the  knee-joint,  and  being  articulated  with  the  outer  con- 
dyle of  the  femur*  In  this  class  of  animals  it  is  applied  close  against 
the  tibia,  like  the  ulna  in  Kuniinants,  and  dwindles  and  disappears 
about  tbe  middle  of  the  leg.  In  Reptiles  it  is  of  large  size;  in  many 
extending  to  the  knee-joint  above  and  to  the  tarsus  below.  Li  the 
Bat  the  lower  half  of  the  fibula  and  the  upper  half  of  the  ulna  are 
retain etl  In  some  of  the  Montitreme^  it  extentk  up  in  front  of,  or 
beside,  the  knee-joint,  and  is  expandetl,  like  the  olecranon  in  these  ani* 


the  flbolA  in 


maJfl  and  in  the  Bat.  There  is  a  relation  between  its  presence  and 
absence,  and  the  presence  and  absence  of  the  outer  toes,  as  we  found  to 
be  the  case  between  the  ulna  and  the  outer  fingers  (p.  ^7d);  but  it  is 
not  so  close  aa  in  the  latter  instance.  For  example,  in  the  rhinoceros, 
which  has  only  3  toes  (the  niiter  and  inner  heing  wanting),  it  is  aa  well 
developed  aa  in  the  elephant  (which  haa  5),  or  as  in  man;  and  in  Rumi- 
nants (which  have  2  toes)  it  is  wimting  altogethw. 

The  ossification  of  the  shaft  begins  rather  later  than 
in  tlie  tibia.  Both  the  cpiphjrBes  are  cartilaginous  at 
birtlh  The  lower  one  is  longer  and  larger  than  the  upper,  and  is 
said  by  Beclard  to  be  ossified  before  it;  llie  nucleus  appearing, 
according  to  him,  in  the  2nd  year,  whereas  it  is  not  seen  in  the 
upper  epiphysis  till  aet.  4J  years.  Nevertheless,  contrary  to  the 
general  rule,  the  lower  epiphysis  h  joined  to  the  shaft  l>efore  the 
upper;  the  former  union  taking  place  in  the  ISth,  the  latter  in  the 
20th  year. 

V*rietie»«{icl  Although  BO  inconjstant  in  the  various  classes  of  animals, 

dii»eft*e«.  ^j^^  fibula,  like  the  ulna,  is  rarely  absent  in  man'.    It  is  not 

very  frequently  the  seat  of  disease.  The  circumstance  of  its  being 
covered  by  muscles  in  gi'eat  part  of  its  extent,  and  its  having  no  move- 
ments indefiendently  of  the  tibia,  (^use  a  difficulty  in  detecting  fractures 
of  this  bone.  Often  we  cannot  discover  any  crepitu-s  and  are  obliged  to 
form  our  opinion  fix>m  the  amount  of  resistance  which  it  oilers  to  lateral 
pressure,  and  from  the  presence  or  absence  of  its  natural  elaaticityt 

It  is  sometimes  united  to  the  til>ia  by  a  broad  plate  of  btme,  which 
may  be  congenital,  or  may  result  from  processes  shooting  from  both 
bones  and  coalescing  in  the  interosseous  space.  This  union  may  take 
place  at  any  part,  but  is  most  frequent  near  the  lower  ends  of  the  bonea, 
and  acquires  some  interest  from  the  fact  that  in  Kodentia  and  Insecti- 
vom  the  tibia  and  fibula  are  joined  in  their  lower  parts.  In  rickets  the 
fibula  is,  not  unfrequently,  widened,  and  bent  so  as  to  reach  the  tibia 
and  become  united  with  it. 


'  I  found  a  Bpecimen  in  the  Mus^e  DupujtreD  in  w)ucb  the  fibuhi  and  tho  cuboid 
bone^  on  either  eide,  wore  aljsent.  There  were  only  four  ioes  ;  and  the  outer  one  of 
these  (the  representative  of  the  ring  and  the  little  toes)  rested  Upon  the  Of  caloifi  whioh 
projected  forward  into  the  place  of  the  cuboid. 


r 


THE   FOOT. 

Tlie  fcKDt  IB  placed  at  rigltt  anglea  with  the  leg;  ant 
•"^  this  disposition,  like  the  similar  relation  of  the  he^id  with 

the  spine,  occurs  in  smrcelj  any  animal  besides  man,  and  has  rela.- 
tion  to  hia  erect  attitude.  It  is  constructed  to  bear  and  to  propel  the 
body;  and  both  purposes  are  served  by  its  being  made  in  the  shape 
of  an  arch.  The  summit  of  the  arch  is  at  the  top  of  the  as^tragalus. 
The  hinder  limb  of  the  arcli  is  formed  by  the  hinder  part  of  the 
astragalus  and  by  the  os  calcis ;  and  the  anterior  limb  is  formed  by 
tlie  other  tarsal  and  the  metatarsal  boues.  It  is  sometimes  said 
that  the  foot  is  a  tripod  in  consec[uence  of  there  being  a  transverse 
arch  iu  the  raetatarsus;  and  that  two  of  the  limbs  of  the  tripod 
are  in  front,  and  are  formed  by  the  ends  of  the  metatarsal  bones  of 
the  great  toe  and  of  the  little  toe*  This,  however,  is  not  quite  cor- 
Footnotii  rect;  for  when  the  foot  Ls  planted  upon  the  ground  it 
trfpoiL  TQs%  in  front,  not  opon  the  balls  of  the  great  toe  and 

of  the  little  toe  alone,  but  upon  the  balls  of  all  the  toes,  upon  those 
of  the  middle  toes  as  much,  in  proportion  to  their  size,  as  upon 
the  others.  Indeed,  when  the  bearing  of  the  foot  is  correct,  the 
sole  of  the  shoe  becomes  worn  out  first  beneath  the  balls  of 
the  middle  toes,  shewing  that  the  weight  falls  here  rather  moz^ 
than  at  the  sides, 

AtivantAsrwi  'I'lt^  ^w<^  pillars  of  the  arch  diflfer  from  one  another 

^"^Jhortot^  in  many  respects.  In  the  first  place,  the  hinder  one 
aadiouditrof  is  shorter  than  the  anterior,  in  the  proportion,  roucrhlv 
iftrofthenrch,  speakmg,  of  about  three  inches  to  six,  that  is  to  say, 
it  is  not  above  half  as  long.  Its  descent  from  the  summit  of  the 
arch  to  the  ground  is,  consequently,  more  sudden,  and  the  leverage 
afforded  by  it  is  tliereby  reduced  to  a  still  lower  proportion,  in 
comparison  with  that  which  is  afforded  by  the  anterior  pillar,  viz. 
to  about  the  proportion  of  1'5  to  4'2.  This  adjustment  of  the 
relation  of  parts  in  front  of  and  behind  the  astragalus  has  reference 
to  the  fact  tliat,  in  ivalking,  the  hinder,  or  heel  part,  of  the  arch 
is  raised  by  the  muscles  attached  to  it  through  the  medium  of 
the  tendo  achillis,  and  the  centre  of  gravity  of  the  body  is,  partly 


4 


by  this  means,  tbrowii  for^'ards  over  the  halls  of  the  toes.  Now 
the  power  required  to  effect  this  movement  m  directly,  and  the 
celerity  with  which  it  can  be  done  is  inversely,  proportionate  to 
the  length  of  leverage  which  the  hinder  part  of  the  foot  affords 
in  comparison  with  the  fure  part;  and,  in  accordance  with  the 
principle  usually  observed  in  the  constnietion  of  the  skeleton, 
power  18  sacrificed  to  celerity  by  the  shortening  of  the  heel.  This 
is  particularly  the  case  in  the  well^formed  foot  of  the  European, 

Not  only  is  the  hinder  pillar  of  the  arch  shorter  than  the 
anterior,  and  its  inclination  more  sudden :  but  it  is  composed  of 
only  one  bone — the  os  calcis^ — in  addition  to  the  hinder  part  of 
the  astragalus ;  whereas  the  anterior  part  of  the  arch  is  composed 
of  several  bones  c^irefuUy  jointed  together.  The  object  of  this 
construction  is  to  give  solidity  to  the  hinder  portion  upon  which 
the  elevator  muscles  act,  and  to  prevent  the  power  of  these  muscles 
being  unnecessarily  expended  by  any  movements  between  the 
point  of  tJieir  attackment  and  the  ankle-joint.  Whereas  by  the 
numerous  joints  and  ligaments  in  the  fore  part  of  the  arch  elasti- 
city is  given  to  the  foot,  and  jars  are  prevented  both 
eUrtkrity  and  i^  the  foot  itscli^  and  in  the  rest  of  the  body.  In  con- 
rItlJrio/pmw-  for^^ty  ^^^^  ^^^^^  disposition  of  parts  we  usually,  in 
running  and  jumping  from  a  height,  aligiit  on  the 
ground  upon  the  balls  of  the  toes,  and  the  weight  of  the  body  is 
directed  forwards,  from  the  leg,  towards  the  tarsus  and  the  toes. 
Moreover,  when,  as  in  walking  or  in  jumping  a  distance  along  the 
ground,  the  heel  first  comes  in  contact  with  the  ground,  tlie  weight 
is  directed  forwards  towards  the  balls  of  the  toes,  so  that  they 
quickly  reach  the  ground,  and  bciir  the  greater  part  of  the  stress. 
If,  on  the  contrary,  it  happens  that,  in  descending  from  a  height, 
we  alight  upon  the  heels,  so  that  tlie  weight  comes  vertic*illy  upon 
them,  an  uncomfortable  jarring  sensation  is  apt  to  be  experienced 
throughout  the  frame,  of  a  kind  which  rarely  occurs  when  the 
weight  is  received  In  the  ordinaiy  way  upon  the  balls  of  the  toes. 

The  width  of  the  anterior  pillar  contributes  to  this  same  result, 
pennitting  the  distribution  of  forces  over  a  wide  space,  and  so 
preventing  their  operating  mth  great  severity  upon  any  one 
part.     It  increases  along  the  metatai-sus  and  attains  its  maximum 
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at  the  balls  of  the  toes.  The  Ime  ibrmed  by  these — 
by  tlie  distnl  ends  of  the  metatarsal  bones — \s  not  strai^ 
curved,  in  consequence  of  the  end  of  the  second  metatarsal  bone 
projecting  a  little  beyond  the  level  of  the  otherg.  Nevertheless 
in  walking  they  all  touch  the  ground  nearly,  or  quite,  at  the  same 
time*  A  broad  basis  of  support  is  provided  by  this  expansion 
the  fore  part  of  the  foot,  and  iinnness  is  given  to  the  step, 
conitniction  The  foot  in  front  of  the  ankle — that  is  to  say,  the 

piiiA^kirtlo°'    anterior  pillar  of  the  arch — consists  of  two  divisions ;  an 
diviaionn.         inner,  or  larger,  composed  of  the  neck  and  head  of  the 
astragalus,  the  scaphoid,  and  the  three  cuneiforaj  bones,  with  the 
three  inner  metatarsals ;  and  an  outer,  or  smaller  division,  composed 
of  the  cuboid  with  the  outer  two  metiitarsals.     It  may  be  observed 
that  the  broadest  part  of  the  upper  articular  sui'face  of  the  astragalus 
is  in  front  of  the  summit  of  the  plantar  arch,  so  that,  virhen  the 
foot  rests  flat  upon  the  ground,  the  chief  part  of  the  weight  is 
transmitted  from  the  tibia  forwards,  through  the  astragalus,  to  the 
scaphoid  and  the  inner  three  metatarsal  bones.     It  will  also   be 
seen  that  the  anterior  part  of  the  articular  surface  of  the  astragalus 
is  prolonged  fuither  on   ibi  inner  than  on  its  outer   side,   to   be 
adapted  to  the  prolonged  fore  part  of  the  articular  facet  on  the 
inner  side  of  the  internal  malleolus.  This  has  the  eflect  of  directing 
a  considerable  portion  of  the  weight  along  the  inner  edge  of  the 
foot  upon  the  great  toe,  which  is  far  stronger  and  better  able  to 
bear  it  than  any  of  the  others.      The  outer  division  of  the  foot 
bears  less  weight,  and  acts  as  a  lateral  stay  to  the  inner.     The 
cuboid,  especially,  supports  the  side  of  the  outer  cuneiform  bone, 
just  where  it  has  a  tendency  to  bulge.     In  addition  to  this  the 
cuboid  receives  some  weiglit  from  the  os  calcis,  or  hinder  pillar 
of  the  arch,  and  transmits  it  forwards  through  the  outer  two  meta- 
tarsal bones. 


Flut-fDOt 


The  perfect  format lou  of  the  inner  part  of  this  anterior 
arch,  with  such  a  coinbination  of  length  with  elastLcity 
and  strength  as  to  permit  the  weight  of  the  body  to  be  borne,  for  some 
time,  upon  it  in  standing,  and  to  be  carried  fiilly  and  steadily  over  it  in 
walkings  would  seem  to  ns  to  oonstitnte  one  of  the  greatest  difficulties 
in  the  oonstmction  of  the  human  skeleton ;  the  perfect  fonn  is  reaJized 


only  in  the  Mghest  branches  of  the  huraaii  family.  Even  in  tbera,  par- 
ticularly in  those  tnemhers  of  them  who  are  ill-fed  or  over  weighted,  or 
whose  feet  have  been  strained  or  cramped  during  growth  by  thick  heavy 
shoes,  the  forni  is  often  defective ;  the  arch  yields  at  that,  which,  for 
vaiioiis  reasons,  ia  its  weakest  pointy  viz.  at  the  joint  between  the  astra- 
galus and  the  navicular  bone,  the  person  becomes  "flat-footed;**  and 
the  effects  of  the  imperfoction  are  CTinced  in  the  diminished  firm* 
nesa  of  the  tread,  and  in  tlie  consequent  ungainly  movements  of  the 
whole  body. 

In  tlie  Negro  the  heel,  or  hinder  limb  of  the  arch»  is 

Foot  In  Negro 

longer  than  in  the  European,  the  fore  part  of  the  foot  is 
flatter  and  mure  sprawling,  and  the  outer  edge  of  the  foot  iis  to  a  greater 
extent,  in  contact  with  the  ground 

In  the  monkey  the  arch  is  still  more  defective,  and  the 

And  tnonkejT- 

foot  is  more  spi-awling ;  it  rests  more  up>n  its  outer  side,  and 

requires  more  aid  from  the  upper  extremities  in  the  support  and  move- 
ment of  the  body. 

The  well-formed  foot  presents  other  arches  besides 

SecondAiy  . 

archeitethe  the  One  chicf  pUiiitar  arch  which  we  have  been  con- 
'^*°^'^  sidering.  It  is,  in  its  whole  length,  from  the  point  of 
the  heel  to  the  balk  of  the  toes,  curved  a  little  outrv^ards;  the 
inner  edge  biung  concave,  and  the  outer  convex.  This  presents 
the  best  shape  for  receiving  the  weight  of  the  body,  which,  owing 
to  the  inclination  inwards  of  the  thigh  and  of  the  whole  extre- 
mity, and  to  the  inward  bend  of  the  lower  end  of  the  tibia, 
is  directed  upon  tlie  foot  obliquely  downwards  and  inwards.  It 
is,  in  like  manner,  in  accordance  with  the  oblique  direction  in 
which  the  weight  is  received,  that  the  inner  side  of  the  foot  is 
stronger  than  the  outer,  that  the  metatarsal  bone  of  the  poUex 
is  twice  as  strong  as  any  of  the  others,  and  that  the  arch  of  the 
instep  is  higher  on  the  inner  side  than  on  the  outer, 

The  foot  is  also  arched  transversely.  This  is  most 
marked  about  the  middle,  between  the  junction  of  the 
internal  cuneiform  with  the  gix^at  metatarsal  bone,  on  the  inner 
aide,  and  the  junction  of  the  cuboid  with  the  small  metatarsal 
bone,  on  the  outer  side. 

The   arches,   besides  giving  strength  to  the  foot,  provide  a 
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Ttiemnor 
ihetoei. 


hollow  in  tlie  8ole  for  the  lodgement  of  the  muscles,  ireasem^^ 
nQTYCA,  They  owe  their  existence  to  tlie  shape  of  the  bones,  aiidj 
particularly  to  the  configuration  of  the  articular  surfaces  of  the 
bone^;  and  they  are  maintained  by  the  powerful  ligaments^  and 
fascia^  which,  passing  between  the  aeyeral  bones,  bind  them  firmly 
together. 

The  toes,  which  arc  so  much  smaller  and  weaker 
than  the  fingers,  do  not  add  much  to  the  strength 
elasticity  of  the  foot.  Their  office  is  to  enlarge  the  area  of  the 
foot,  and  to  adapt  it  to  inequalities  of  surface,  enabling  it  to  cling 
to  the  groimd,  to  prevent  slipping,  and  to  assist  in  climbing.  They 
also  afford  to  the  flexor  muscles  an  opportunity  to  give  a  last 
impulse  to  the  step,  before  the  foot  is  withdrawn  from  the  ground. 
Tliey  arc,  accordingly,  of  mo.st  service  to  man  when  he  is  in  his 
primitive  state,  living  in  woods  and  on  unreclaimed  ground,  and 
engaged  in  contest  with  other  animals  for  subsistence.  The  small 
size  of  the  phalanges  of  the  toes  forms  a  characteristic  feature  of  the 
human  skeleton  as  compared  with  that  of  monkeys  and  most  of  the 
lower  animals.  They  are  smallest  in  the  higher  branches  of  the 
human  family.  Thry  are  the  only  parts  of  the  skeleton  which  can 
be  said  to  be  thrown  nearly  into  disuse  by  civilization  ;  and  their 
services  can  be  spared  without  detriment  to  the  rest  of  the  frame. 
Also,  provided  they  are  not  galled  or  distorted  by  undue  or  un- 
equal pressure,  they  bear  their  confinement  well  and  arc  seldom  the 
seat  of  disease, 

pBcaiitritiea  of  "^^  humao  foot  18  distinguialied  from  that  of  other  animak, 
homiD foot u  not  merely  by  the  i-^latively  small  siaa  of  its  phalanges;  but 
from  that  of  also  by  the  relatively  lai^e  size  and  strength  of  the  other 
quadnimwiA.  coTOponent^  and  by  the  tirm  compact  manner  in  wluch  they 
are  boimd  togetlier  so  as  to  form  a  large  and  strong  liosia  whereupon  the 
body  may  stand  securely.  The  importance  of  this  provision  can 
scarcely  be  over-estimated,  enabling  man  bb  it  does  to   maintain  the 


1  For  a  description  of  these  ligaments,  of  tUc  shapee  of  the  articukr  rajfaccB,  and 
tho  movements  which  take  place  between  the  component  parta  of  the  foot,  see  doadiiK 
tioti  of  the  joints  of  the  foot. 
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erect  posture,  and  leaving  the  upper  extremities  entirely  free  to  act  as 
agents  of  the  will.  In  the  aiiimabi  which  approach  nearest  to  man  the 
foot  diners  in  many  r^pects  from  the  human  foot^  audi  as  the  name 
(quadrumana)  gi%^en  to  these  auiraaU  implies  resembles  the  hand.  It  is 
suited  more  for  prehension  and  less  for  suppoi't;  and,  thcrefoi-e,  it  is 
unable  to  cany  the  body  steadily  without  the  lielp  of  the  hand.  The 
phalanges  and  metatarsal  bones  are  much  longer;  the  heel  ami  the  other 
components  of  the  foot  are  smaller,  less  closely  adapted  to  one  another, 
and  less  fiiTaly  hound  together;  and  the  arches  of  the  foot  are  conse- 
quently not  so  well  formed  as  in  man.  There  is,  moreover,  tlie  further 
striking  pectiliarity  in  the  (juadnimanous  foot,  that  the  pollex,  instead 
of  being  very  strong,  and  placed,  in  a  line  with  the  other  toes,  directly  in 
front  of  the  tarsusi,  so  as  to  bear  great  part  of  the  weight  of  the  body, 
is  puny  and  weak,  and  is  directed  away  from  the  other  toes,  after  the 
manner  of  the  thumb.  In  consequence  of  this,  and  of  the  flatness  of  the 
sole,  the  animal  bears  chiefly  on  the  outer  edge  of  the  foot,  and  is 
obviously  not  fitted  for  the  erect  posture, 

Tht  fooiia  ^^  animals  below  Quadnmiana  the  number  of  digits  in  the 

other  MiimaU  hinder  limbs  diminishes,  as  a  general  rule,  pari  pasmi,  with 
those  in  the  anterior  extremities.  In  Camivora  the  pollex  is  dwindled  or 
gone.  In  the  elephant  the  five  digits  exist,  behind,  a,s  in  front,  the  pollex 
being  smaU.  In  the  hippopotamus  the  latter  has  disappeared,  although  the 
internal  cuneiform  bone  remains,  and  is  elongated  so  as  to  extend  down, 
for  some  little  distance,  along  the  tuner  side  of  the  adjacent  metacarpal 
bone.  lo  the  rhiniieeroa  tlie  little  toe  has  disappeared,  as  well  as  the 
pollex,  leaving  the  middle  three  toes.  In  ruminants  the  number  of 
digits  is  reduced  to  two,  viz,  the  two  next  to  the  great  toe;  and  these 
are  borne  upon  one  metatarsal  hone.  It  may  be  obsen'ed  as  a  feet  of 
some  interest,  in  connection  with  this  construction  of  the  nmiinant's 
foot,  that  the  corresponding  digits  in  man  are  more  closely  united  than 
the  others,  the  skin  extending  up  rather  fiirther  in  the  interval  between 
them  than  it  does  between  the  others;  these  two  are  also  more  often 
found  CO ngeni tally  united  together  than  any  of  the  others*  In  Solipeds 
there  remains  only  the  middle  digit,  which  is  developed  to  great  size. 
In  many  reptiles  there  is  the  full  complement  of  digits  in  the  posterior, 
as  well  as  in  the  anterior,  extremity. 

The  tai-sus  is  divided  ti'ansversely-  into  two  rows  of  bones.    The 
hinder  row  consists  of  the  astragalus,  os  calcisj  and  the  scaphoid  or 
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navicular  bone;  the  anterior  row  consists  of  the  three  cone 
bones  and  the  cuboid. 


The  MtanffaJiu, 


THE  ASTRAGALUS 

forms  tlie  summit  and  key-bone  of  the  plantar  aix^h, 
is  itself  ill  the  form  of  an  arch.    The  uppermost  convel 
part  presents  a  broad  articular  surface  for  the  tibia  ;  and  the  xmdei 
part  m  hollowed  out  into  a  deep  groove  {PL  XLI,  ^),  directed,  froil 
within,  outwards  and  forwards,  for  the  interosseous  ligament  whici 
binds  tlie  astragalus  to  the  heel-bone.  Behind  this  groove  is  the  larg 
articular  facet  for  the  os  calcis;  in  front  of  it  is  the  smaller  facet  fd 
the  same  bone,  continuous  with  that  for  the  scaphoid.     The  npp0 
wall  of  tlie  groove  is  the  most  compact  part  of  the  astragalus ;  it  i 
perforated  by  several  large  holes  for  vessels  which  correspond  witl 
the  medullary  arteries  of  the  long  bones,  and  it  is  immediately  suw 
mounted  by  the  most  cancellous  part  of  the  astragalus,  which  cow 
responds  with  the  medullary  canals  of  the  long  bones.      The  line  a 
greatest  ividth   of  the   articular  surface  for  the  tibia,   where  thi 
greatest  weight  is  received,  is  situated  nearly  over  this  gn>ove,  oi 
rather,  crosses  it  diagonally.     Immediately  beneath  that  line  is  i 
dense  mass  of  cancelli ;  and  from  these  a  number  of  strong  lamina 
radiate  into  the  interior  of  the  bone,  and  are  directed  forwardflj 
towards  the  upper  part  of  the  articular  surtacc  for  the  scaphoid 
hone,  and,  backwards  and  downwards,  towards  the  hinder  aiticuM 
lar  surface  for  the  os  calcis.     It  is  evident,  therefore,  from  th« 


DESCRIPTION   OF   PLATE  XLL 


^ 


Vertical  Bection,  from  before  backwarda,  ihrougli  bones  of  innOT  side  of  foot  azi^ 
greftt  toa,  Bhewiog  their  iliape  snd  the  direction  of  their  caocelli.  A,  neck  of  mskrmgmK 
Iva.  Bf  groove  for  interoeseons  ligjvment.  C,  corresponding  groove  on  o8  aJdai 
B,  point  of  atiochinertt  of  pknUr  fasciiu  E^  ditto  of  tcndo  achUlia.  F^  projectioii  i^ 
bone  Above  attachment  of  tendo  achiilia.  G^  Bcaphoid  bone,  B^  mteniAl  ouneilSDiiB 
bone*  1£\  metatarsal  bone  of  great  toe.  /,  first  pbaJanx  of  great  toe.  K,  aocood 
phalanx  of  great  toe,  L,  projection  for  insertion  of  flexor  longna  poUicis.  Jf,  rougjJt 
projection  for  attachment  of  fibrous  tissue  which  mua  to  skin  ^PL  LYIL  fig.  i 
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stnictiure  displayed  by  a  section  of  the  astragalus,  tliat  the  weight 
of  the  leg  is  ctistribiitcd,  chiefly,  ie  these  two  directions,  viz.  for- 
wards, to  the  scaphoid,  and  backwards,  to  the  hinder  part  of  the 
08  cfdcis,  and  that  but  little  weight  is  transmitted  towards  that 
under  and  fore  part  of  the  astragalus,  which,  resting  upon  the  an- 
terior facet  of  the  os  calcis,  upon  the  calcaneo-scaphoid  liganaent, 
and  upon  the  tendon  of  the  tibialis  anticus,  is  comparatively  devoid 
of  firm  support. 

In  front  of  the  articular  surface  for  the  tibia  is  the 
neck  of  the  astragalus,  which  has  occasionally  been 
broken^,  though  that  is  a  very  rare  event.  The  concavity  on  the 
upper  surface  of  the  neck  lodges  a  little  cushion  of  fat,  which 
receives  tlie  anterior  edge  of  the  tibia  in  the  flexed  position  of  the 
joint,  and  which  prevents  the  direct  pressure  of  the  two  bones  upon 
one  another.  The  neck  is  inclined  a  little  inwards  from  the  middle 
of  the  astragalus,  so  as  to  render  the  bone  somewhat  concave  on 
the  inner  side.  This  inclination  is  more  marked,  and  the  neck  is 
longer,  in  the  foetus  and  in  the  monkey  than  in  the  adult  man. 


Itaneck. 


Occftsinimlly 


Though  the  astragal\is  ia  almost  buried  among  the  sur- 
roimding  bones,  and  is  forcibly  bound  to  them  by  ligaments, 
nevertheless,  the  great  weight  and  the  sever©  strains  to  which  it  ia  sub- 
ject are  sufficient,  now  ami  theo,  t^  produce  more  or  less  complete  dialo- 
catiou*. 


THE   OS  CALCIS 


is  the  largest  bone  in  the  tarsus;  but  it  ia  not  nearly  so 
dense  in  structure  as  the  astragalus.     It  is  of  large  size 
in  man  in  comparison  with  the  nearly  allied  quadrumana.     It  is 


ObUqu«  po- 


*  It  may  bo  turned  with  tt«  under  ffurface  beneath  the  oater  m&Ileolua,  and  maj  be 
confLned  there  by  the  peronei  tendons.  Trans,  of  Path.  Sec.  i»  145 ;  or  its  anterior 
surface  may  be  driven  upoo  tlic  scaphoid,  Ih.  r.  318,  or  upon  the  cuboid,  i.  109, 
Owing  to  the  difficulty  or  impossibility  of  reducing  the  dislocation,  amputation  of  the 
Unib  htis  been  reflorted  to  in  some  instances,  and  excisioD  of  the  diaplaced  bone  in 
oibenB,  In  one  case  of  dislocation  forwards  and  outwards,  within  my  knowledge, 
reduction  was  easily  efiFected  after  division  of  the  ten  do  achillis, 
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ArticalRf  tAoeU. 


placed  obliquelyy  slanting  from  the  ground,  upwards  and  for 
so  as  to  receive  its  share  of  the  weigiit  fi'om  the  astragalnjs,  by 
meana  of  the  articular  facets  upon  the  anterior  part  of  its  upper 
surface,  and  to  transmit  it  to  the  ground,  through  the  hinder  ex^ 
tremity  of  its  lower  surface,  whicli  is  the  only  part  that  rests  upon 
the  ground.  It  is  also  placed  obliquely  in  another  direction,  inas* 
much  as  it  slants,  firom  the  ground,  outwards^  as  well  as  upwards 
and  fon^^ards.  Moreover,  the  surface  by  which  it  is  applied  to  the 
ground  is  cut  rather  obliquely,  so  that  the  bone  rests  a  little  upon 
its  outer  edge.  The  oblique  position  of  the  os  calcia,  and  of  the 
basis  upon  which  it  rests,  would  cause  the  bone  to  be  overbalanced 
outwardly,  if  the  weight  were  transmitted  from  the  tibia  in  a  ver- 
tical line;  but  this  very  obliquity  makes  the  bone  better  able  to 
receive  the  weight  which  conies  upon  it  in  an  oblique  line  &om 
without  inward.s. 

The  hinder  articular  facet  is  adjusted  to  support  the 
hinder  part  of  the  asti^agalus,  and  to  receive  a  weight 
coming  in  the  line  I  have  mentioned ;  and  the  inner  articular  facet 
18  so  placed  as  to  prevent  any  tilting  of  the  bone  outwardly,  and  to 
support  the  head  of  the  astragalus. 

The  anterior  extremity  of  the  os  calcis  runs  forwards 

Givca  leverage  ^  ■' 

tomiucieaof  ou  the  outcr  Side  of  the  foot,  supports  the  cuboid,  and 
forms  a  sort  of  pivot  on  which  that  bone  revolves  in  the 
movement  between  the  first  and  second  rows  of  tarsal  bones.  The 
hinder  part  of  the  os  calcis  affords  attachment  and  leverage  to  the 
muscles  of  the  calf,  and  has  to  bear  their  pull  nearly  at  a  right 
angle;  this  is,  perhaps,  a  greater  strain  than  is  imposed  upon  any 
other  bone  in  the  body,  but  no  more  than  it  is  well  able  to  withstand, 
for  it  very  rarely  eives  way.  The  tendo  achillis  is  in- 
mentofiendo  scrtcd  uito  tlic  lower  part  of  its  posterior  surface.  The 
bone  nins  up  vertically,  or  with  a  slight  inclination 
backwards,  above  the  line  of  insertion  of  the  tendon,  for  the  pur- 
pose of  gi^T^ng  more  leverage  to  the  muscle ;  and  for  some  distance 
it  is  separated  from  the  tendon  by  a  bursa.  The  part  to  which  the 
tendon  is  attached  is  on  a  line  with  the  ankle-joint  and  with  the 
middle  of  the  balls  of  the  toes;  and  the  effect  of  the  muscle  is  J 
simply  to  raise  the  heel  vertically. 


i 


I 


If,  liowever,  the  point  of  the  heel  be  inclined  a  little  to  either  side 
by  twiatirtg  of  tlie  foot,  the  muacle  wiU  increase  the  amo^iut  of  the 
deviatioiij  at  the  same  time  that  it  raises  the  heeL  Hence  the  influ- 
ence of  the  calf-muscle  in  increasing  the  deformity  in  talipes  varu^ 
and  talipes  %^1gus,  as  well  as  in  talipes  equinus;  and  hence  the  neces- 
sity of  dividing  the  tendo  achiUis  in  treating  the  worst  casea  of  either  of 
these  vaineties  of  club-foot. 

ck»im«tioQ  Beneath  the  line  of  attachment  of  the  tendo  achillis 

with  ikiiL  jg  ^1^^  p^j^  ^f  ^]j^  ^j3  calcis  that  rest3  upon  the  ground. 
This  13  widened  tranaversely  by  two  tubercles;  of  which  the  inner, 
and  larger,  gives  attachment  to  the  middle  division  of  the  plantar 
fascia,  and  the  oater,  or  smallerj  gives  attachment  to  the  outer 
division  of  the  same.  From  the  under  part  of  this  portion  of  the 
bone,  between  the  attachment  of  the  plantar  fascia  (PL  L^T^. 
fig.  3,  B)  in  front,  and  the  tendo  achillis  behind,  several  bundles 
qfjiirous  tissue  (B)  pass  off,  which  traverae  and  interlace  with  the 
fibres  of  the  thick  tough  cushion  of  adipose  tissue,  that  intervenes 
between  the  heel-bone  and  the  skin,  and  are  lost  in  the  fibrous 
tissue  of  the  cutis.  The  chief  direction  of  these  fibrous  bundles  is, 
firom  the  bone,  downwards  and  backwards,  to  the  skin,  so  as  to 
resist  the  tendency  of  the  former  to  ride  forwards  upon  the  latter 
when  the  foot  is  planted  on  the  ground. 

The  OS  calcis  is  compressed  at  the  sides,  more  particularly  on 
the  inner  side ;  this  gives  space  for  the  safe  conduct  of  the  vessels 
and  nerves  to  the  sole.  A  sesamoid  bone  is  sometimes  foimd  in 
the  tendon  of  the  peroneus  longus  muscle,  where  it  runs  upon  and 
braces  the  outer  side  of  the  os  calcis. 

A  section  shews  that   the  hardest  part  of  the  os 

Stmctim. 

calcis,  corresponding  with  the  hardest  part  of  the  astra- 
galus, is  that  which  lies  beneath  the  groove  (PL  XLI.  G)  between 
its  articular  surfaces.  Under  this  hardest  part  the  structure  is 
more  cancellous  than  elsewhere;  indeed  there  is  often  quite  a  cavity 
there,  and  the  medulla  is  supplied  by  nutritious  arteries  passing 
through  the  adjacent  wall  of  the  bone.  The  hinder  articular  facet 
for  the  astralagus  ia  underlaid  by  dense  tissue,  from  which  lines  of 
cancelli  radiate  backwards  and  downwards.    Near  the  hinder  and 
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under  aurtace  they  are   crossed  by  canceUi,  which   are   dispoaed 

according  to  the  outline  of  the  bone. 


THE    SCAPHOID   BONE 

does  not  correspond  in  position  witli  the  bone  of  the  same  name 
in  the  wrist,  inasmuch  as  it  is  not  articulated  with  the  tibia;  it 
is  reduced  to  the  subordinate  oBSce  of  connecting  the  inner  divi- 
sion of  the  foot  with  the  astragalus,  and  of  facilitating  the  move- 
ments of  the  fonner  upon  the  latter ;  and  it  is  the  only  intermediate 
bone  between  the  two  rows  of  the  tarsus.     In  tlie  monkey  it  is^- 
more  spread  out  and  extended  inwards  so  as  to  support  the  d^^| 
verging  poUex,     A  Tcrtical  section  made  from  before  backwards 
(PL  XLI.  G)  shews  the  cancelli  in  its  upper  part  to  be  strong,  and 
well-marked,  and  directed  straight  forwai-ds  between  the  ti^^o  arti- 
cular surfeces.     The  inner  projecting  portion,  to  which  the  tibialis 
posticus  and  the  calcanco-scaphoid  ligament  are  attached,  and  the 
lower  partj  which  extends  below  the  level  of  the  cuneiform  bom 
beiir  but  little  weight  j   and  the   texture  of  the^e  parts  is 
spongy, 

THE  CUNEIFORM  AND  CUBOID  BONES. 


a  tne 
ionea|^ 


The  bones  formbg  the  anterior  row  of  the  tarsus,  though 
only  four  in  number,  are  equivalent  to  five,  because  the  cuboid 
is  the  representative  of  two  bones,  wkich  are  distinct  in  some 
jeptiles.  They  are  of  simple  shape ;  all  of  them  are  more  or 
less  wedge-like;  and  they  form  a  transverse  arch.  The  internal 
cimeiform  and  the  cuboid  have  their  bases  turned  downwards  and 
inclined  a  little  towards  each  other,  while  the  other  two  cuneiform 
bones,  which  are  placed  bchvecn  tliem,  have  their  bases  in  the 
opposite  direction,  namely,  on  the  dorsum  of  the  foot.  The  weight 
of  the  body  is  transmitted,  from  the  scaphoid  and  the  os  calcis 
to  the  metatarsals,  chiefly,  through  the  upper  or  dorsal  parts  of 
these  several  bones.  Hence  their  upjjer  surfaces  arc  on  the  same 
level  with  the  other  bones,  w*hich  gives  an  evenness  to  the 
dorsum  of  the  foot;  whereas  their  plantar  surfaces  present  many 
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inequalities,  wliicli  serve  for  the  attachment  of  strong  ligaments, 
tendons,  &c.  For  the  same  reason  the  upper  parts  of  these  bones 
are  comparatively  dense,  and  are  composed  of  stout  cancelli,  which 
are  directed  from  behind  for^vards,  whereas  the  lower  parts  are 
compoaed  of  light  spongy  tissue. 

Their  proximal  ends  present  a  crooked  line  for  articulation 
with  the  metatarsal  bones,  in  consequence  of  the  internal  and 
external  cuneiform  advancing  further  than  the  other  two;  this 
serves  to  prevent  lateral  displacement  of  the  metatarsus.  The 
internal  cnneiform  projects  further  than  any  other  of  the  row,  as 
if  to  make  amends  for  the  deficiency  in  number  and  length  of 
the  other  components  of  the  pollex.  It  is  interesting,  in  connec- 
tion with  this  pointy  to  observe  that  in  some  animals,  where  the 
great  toe  is,  in  a  still  greater  measure,  suppressed,  as  in  the 
elephant,  the  hippopotamus,  and  the  Cape  ant-eater,  the  internal 
cuneifomi  extends  forwards,  for  a  couBiderable  distance,  alongside 
the  adjacent  metatarsal  bone. 


THE  METATAESiLL  BONES 


all  slant  a  little  inwards,  as  well  as  downwards,  from  the  tarsus ; 
this  disposition  places  them  in  the  direction  most  favourable  to  re- 
ceive the  weight  of  the  body,  which  descends  upon  them  witli 
slight  obliquity  inwards,  downwards,  and  forwards ;  and  it  con- 
tributes to  the  lateral  curve  of  the  foot.  To  prevent  an  undue 
amount  of  this  inclination  the  metatarsal  bone  of  the  little  toe 
is  applied  obliquely  against  the  outer  surface  of  the  cuboid ;  and 
its  proximal  extremity  is  prolonged  for  some  distance  behind 
the  articulation  with  that  bone,  so  as  to  give  greater  leverage 
to  the  tendons  of  the  peronei  and  to  the  ligaments  which  serve 
to  maintain  it,  and  with  it  the  other  metatarsals,  in  their  proper 
position. 

The  shafts  are  convex  on  the  dorsal  surface;  and  each  is  pierced 
by  a  hole  for  the  medtdlary  artery,  near  the  middle,  on  the  outer 
side,  with  the  exception  of  that  of  the  little  toe,  in  which  the  hole 
ia  on  the  imier  side.     The  hole  slants,  in  accordance  with  the  rule 
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(p.  24),  towards  the  distal  end  of  the  metatarsal  bone  in  the  poUex 
and  towards  the  proximal  end  in  the  others.  In  the  former  the 
part  of  the  shaft  towards  which  it  is  directed  is,  as  usual,  the 
smallest  and  hardest  pail,  and  the  mediiUary  canal  is  here  most 
developed ;  but  in  the  other  metatarsal  bones  the  narrowest  and 
hardest  pails  of  the  shafts  are  in  the  opposite  direction  to  that  of 
the  foramina,  and  the  medullary  canals  are  as  much  developed 
towards  their  distal  as  towards  their  proximal  ends*  Their 
proximal  ends  are  wedge-like,  particuJarlj  those  of  the  2nd  and 
3rd  toes,  corresponding  with  the  Iwnes  upon  which  they  rest. 
Tlie  distal  ends  resemble  those  of  tlie  metacarpal  bones ;  but  are 
rather  more  flattened  at  the  sides,  becaujse  the  width  of  the  foot, 
at  this  part,  is  less  than  that  of  the  corresponding  part  of  the 
hand. 

The  gi'eat  size  of  the  metatarsal  bone  of  the  |>ollex  is  peculiar 
to  the  human  foot,  distinguishing  it  from  that  of  r|uadniraana,  and 
still  more  from  that  of  other  mammals ;  for  in  the  descending  aeries 
it,  with  its  phalangeSj  soon  diminishes  and  disappears.  Its  proximal 
extremity  is  prolonged  towards  the  sole,  and  is  inclined  a  little 
outwards,  to  give  attachment  to  the  tendon  of  the  peroneus  longns; 
this  tendon  is  a  powerfiil  brace  to  the  sole  of  the  foot,  and  com- 
bines with  the  tibialis  posticus,  which  is  attached  near  the  same 
point,  to  raise  the  ankle  in  walking. 

THE  PHALANGES 

with  the  exception  of  those  of  the  poUex,  are  smaller  than  the 
phalanges  in  the  hand,  but  resemble  them  in  most  other  parti- 
culars. The  middle  phalanges  of  the  outer  three  toes  are  espedaUjr 
diminutive;  sometimes  they  are  reduced  to  the  sixe  and  shape  of 
a  pea,  and  occasionally  they  are  united  with  the  terminal  pihalangea, 
so  as  to  form  one  bone,  resembling  the  ordinary  condition  of  the 
Chelonian  Reptiles,  Each  of  the  terminal  phalanges 
presents  on  its  dorsal  aspect  a  prominent  transverse 
ridge  surmounting  the  articular  facet.  This  ridge  gives 
attachment  to  the  extensor  tendon,  and  serves  to  support  the  hinder 
edge  of  the  nail ;  it  is  prolonged,  on  either  side,  into  a  tubercle, 


I 
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which  gives  attachment  to  the  lateral  ligament.  On  tlie  tmder 
Burtace  of  each  tenninal  phalanx  is  a  rough  ridge,  vrith  which 
the  flexor  tendon  is  connected;  and  the  distal  extremity  of  each 
Noduiftted  ^^  Swollen,  and  nodulated,  for  the  purpose  of  giving 
fitremity.  attachment  to  a  number  of  fibrous  bands  which  pass, 
from  the  end  of  the  bone,  through  the  adipose  pulp  of  the  toes, 
towards  the  skin,  with  the  deeper  layers  of  which  they  are  inter- 
woven, 80  aa  to  bind  the  skin  to  the  phalanx.  They  may  be  well 
seen  in  the  great  toe  (PL  LVII.  fig,  1,^) ;  the  principal  bundles 
run  from  the  phalanx  forwards  to  the  cutis,  and  serve  to  hold  the 
skin  and  the  bone  together  when  the  phalanx  is  pressed  upon 
the  ground  in  giving  the  last  impulse  to  the  step. 

The  nodulated  extremity  of  the  terminal  phalanx  of  the 
great  toe  is  liable  to  grow  out,  on  either  side,  into  a  spongy 
exostosis,  which,  pi'^ssing  up  the  naiJ,  caujses  great  auuoyance.  The 
exostosis  may  he  easUy  cut  away  without  much  detriment  to  the 
phalanx. 


Dev«lop&ieDt 
of  thetaisftl 
bones. 


The  tarsal  bones  are  formed  in  cartilage  by  the  3rd 

month  of  fcetal  life.  About  the  6th  month  an  osseous 
nucleus  appears  in  the  os  calcis,  beneath  the  groove  for 
the  interosseous  ligament,  at  the  part  where  the  bone  is  sub- 
sequently most  cancellous.  A  month  later  ossification  begins  in 
the  corresponding  part  of  the  astragalus,  that  is,  just  above  the 
interosseous  groove.  At  birth  these  nuclei  have  attained  consider- 
able size  (PI,  I,  fig.  4) ;  but,  at  this  time,  there  may  be  no  other 
point  of  ossification  in  the  tarsua.  Sometimes  there  is  a  nucleus  in 
the  cuboid^  at  birth;  or  it  appears  soon  after  birth,  and  is  fol- 
lowed, in  about  a  year,  by  a  nucleus  in  the  scaphoid.  The  internal 
cuneiform  begins  to  ossify  in  the  Ist  year;  and  the  other  two  cunei- 
form bones  begin  between  the  2nd  and  4th  years.  At  about  the  10th 
year  a  flat  epiphysial  nucleus  is  formed  in  the  hinder  part  of  the  os 
calcis,  and  becomes  united  to  it  in  the  20th  year,     The  os  calcia  is 


^  Meckel  (id  oppoeitioa  to  Alblnus  and  other  &ia»toiD»t0)  smys  ^  Dudeas  ia  aIwajti 
present  in  tbe  cuboid  at  birth.  It  has  not  t»eeQ  so  in  the  mstances  that  I  hi^ve 
examined. 
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or  mcUiUrsiJa, 


the  only  one  of  the  short  bones,  except  the  "bodies  of  the  vertebra, 
which  has  a  separate  epiphysis.  The  ossification  of  the 
shafts  of  the  metatarsal  bones  begins  as  soon  as  the 
3rd  month;  it  begins  in  their  epiphyses  (at  the  proximal  end  in 
the  great  toe  and  at  the  distal  ends  in  the  others)  during  the  2nd 
year.  The  epiphyses  nnite  with  the  shafts  some  time  after  puberty. 
Ossification  begins  in  the  phalanges  in  the  3rd  and 
4th  months ;  is  first  seen  in  the  proximal  row,  then  in 
the  third  row,  and  in  the  second  row  latest.  It  is  said  to  take 
place  in  the  second  phalanx  of  the  great  toe  sooner  than  in  the 
first.  The  epiphyses  are  at  the  proximal  ends,  and  begin  to 
ossify  (according  to  Beclard)  in  the  4th  or  5th  year;  they 
united  to  the  shafts  at  about  the  16th  or  18th  year^. 


Of  phttlanjfeB, 


are 


*  TKe  p^odfl  of  the  commencement  of  oaaiBcatioii  are  statod  by  Beclapcl  aa  followB : 
in  tb«  00  oalciB  at  4J  montka;  aatragftluB  at  5.^  months;  cuboid  a  month  after 
birth;  internal  cuneifonn  t  year;  other  cntieifonns  In  the  4th  year;  Bcaphoid  ui 
the  5th  year;  eiiipbyais  of  08  calda  in  the  lolh  year,  ^joitod  to  the  reet  of  the  Iwno 
in  the  i6tb  jeax;  mi;*tataireal  bonee  &  few  daye  later  than  the  metacarpala  ;  their 
epiphyses  are  united  aoraewliat  earOer ;  first  row  of  phalanges  after  the  50th  day  of 
fcetaJ  life;  their  epiph^'Si^  about  the  4tb  year^  united  about  the  i8th;  second  row 
of  phalanges  in  the  middle  of  feetal  life ;  thoir  epiphyses  about  the  6th  year,  uniie«l 
about  the  17th;  third  row  of  phalanges  about  the  45tb  day;  their  epiphyses  Skhoat 
the  5tb  year^  united  about  the  1 7th» 


I 


MoTeQlGllt& 


THE  mP-JOINT  (Pl.  XTiTT.  to  XLVI.) 

is  the  most  complete  ball-and-socket  joint  in  the  body,  that  is  to 
say,  the  socket  encloses  the  ball  to  a  greater  extent  than  it  doea  in 
any  other  jaiot.  It  admits  of  great  variety  of  move- 
ment; the  articular  surfaces  revolving  upon  one  another 
in  eveiy  direction.  We  gpeak  of  flexion,  extension,  abduction, 
adduction,  rotation  inwards  and  outwards,  and  circumduction.  It 
is  to  be  remembered,  however,  that  the  movements  are  not  confined 
to  these,  but  take  place  in  every  intervening  direction.  Neverthe- 
less the  joint  is  so  invested  by  ligaments  as  to  be  very  strong  and 
capable  of  resisting  great  force;  and  the  ligaments  are  so  disposed, 
in  antagonism  to  the  several  muscles,  as  to  oppose  the  contraction 
of  each  set  afl;er  a  certain  point,  and  to  render  this  ball-and-socket 
joint  one  of  the  most  steady,  as  well  as  one  of  the  most  secure,  in 
the  body. 

It  ifl  well  to  be  clear  respecting  the  oorreeponding  movements  of  the 

thigh  upon  the  pel  via,  and  of  the  pel  via  upon  tbe  thigh.  Flexion  and 
extension  of  the  thigh  correspond  with  inclination  of  the  fieivis  for- 
wards and  Imekwards.  Abduction  and  adduction  of  the  thigh,  with  the 
joint  extended,  correspond  with  inclination  of  the  opposite  aide  of  the 
pelvis  upwards  and  downwards;  in  the  flexed  position  of  the  hip,  with 
the  ti-unk  erect,  they  correspond  with  inchnation  of  the  opposite  side 
of  the  pelvis  backwards  and  forwards.  Eotation  of  the  tliigh  outwards 
and  inwards,  in  the  extended  positionj  corresponds  with  the  rolling  of 
the  opposite  side  of  the  pelvis  backwards  and  forwards;  in  the  bent 
position,  they  correspond  with  the  inclination  of  the  opposite  side  of  the 
pelvis  downwards  and  upwards.  These  differences,  resulting  firora  tbe 
fcw;t  that  the  tnink  is  usually  maintained  erect,  though  the  thigh  be 
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b^nt,  or  thai,  in  our  descriptioiis,  we  ujsually  consider  it  to  be  so,  are  apt 
to  render  an  account  of  the  nse^  of  the  several  ligaments  perplexing, 
unless  attention  has  been  previonaly  drawn  to  the  subject. 

HMdofth©  ^^^  liead  of  the  thigh-bone  is  three-fourths   of  a 

thigh-boiie,  sphere,  with  a  diameter  measuring  about  an  inch  and 
a  half.  It  is  a  segment  of  a  true  sphere;  except  that  just  around 
the  dimple  for  the  Ugamentum  teres  its  surface  bulges  a  little  more 
than  at  any  other  part  of  the  circumference,  as  represented  in 
PI.  XLIir.  fig.  1.  This  prominence  corresponds  with  the  bottom 
of  the  cotyloid  cavity,  where  the  cartilage  is  deficient.  The  edge 
of  the  cartilaginous  surface  of  the  head  of  the  femur  does  not  pre- 
sent an  even  line  all  round,  but  is  prolonged  upon  the  nect,  at  the 
fore  part,  beneath  the  psoas  tendon,  and  behind,  beneath  the  short 
rotators  of  the  hip,  more  than  it  is  above  or  below. 

li  rarely  Being  included  within  the  acetabulam,  and  well  fitted 

iiijoned.  ^  ]^  |,i^g  }i&bA  of  the  thigh-bone  is  very  little  exposed  to 

injury;  so  that,  although  the  necfe  and  other  parts  of  the  femur  are  offcen 
broken,  T  have  never  seen  an  instance  in  which  the  head  had  suffered 
fi*om  contusion^;  neither  is  its  shape  altered  in  rickets,  although  the 
lower  end  of  the  bone  is  often  very  much  deformed  in  that  diaeasa 

The  Dimple  for        The  DtmpU  fot  the  Ugamentum  teres  is  situated,  not 

thigh-bone,  but  below  it,  in  the  line  of  the  axis  upon  which  the 
head  rotates  during  flexion  and  extension.  So  that  a  line  drawn 
transversely  through  the  pelvis,  and  prolonged  through  the  "  dim- 
ple," on  either  side,  represents  the  axis  upon  which  flexion  and 
extension  of  the  thighs  take  place,  and,  consequently,  the  axis 
upon  which  the  trunk  is  inclined  forwards  and  backwards  upon 
the  thighs.  There  are  two  or  three  foramina  for  vessels  at  the 
bottom  of  the  dimple;  the  fibres  of  the  round  ligament  are  inserted 
above  these ;  and  the  part  of  the  dimple  just  beneath  its  upper 


*  Iq  the  MuB^e  Dupuytren  U  ft  ipeoimen  where  both  acctabula  have  been  broken 
in  by  the  wheel  of  n  heavily  laden  cart  puaing  over  the  side  of  the  pelvis ;  but  the 
heads  of  the  thigh*bon«ii  hare  escaped  injury. 
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edge»  wliich  is  not  filled  up  by  the  ligament,  is  occupied  by  fat 
(PI.  XLVL  /), 

The  cmrtilagitwus  surfixoe  of  the  aceiahulum  is,  at 

The  Acet&biiliitn.  .  . 

every  point,  exactly  applied  to  that  of  the  head  of  tlie 
femur,  so  that  there  is  no  inten^al  between  them  in  any  position  of 
the  joint;  this  may  be  proved  by  sections  made  through  the  joint 
in  the  recent  state.  It  is  a  broad  band  disposed  in  the  form  of 
a  horse-shoe,  Ita  width  is  greatest,  and  its  cartilage  is  thickest, 
beneath  the  part  contributed  by  the  ilium,  where  the  greatest 
amount  of  the  weight  of  the  body  is  borne,  and  where  the  pull  of 
the  great  flexor  and  extensor  muscles  of  the  hip  is  chiefly  felt; 
towards  this  part  also  the  lines  of  the  cancelli  in  the  neck  and  head 
of  the  thigh-bone  (PL  XXVIII.  fig.  1 ,  ff)  are  principally  directed. 
It  is  narrowest  at  the  part  contributed  by  the  pubes,  and  is  absent, 
together  with  the  wall  of  the  acetabulxma  itself,  at  the  anterior  and 
lower  part,  where  there  is,  commonly,  no  weight  sustained  and  little 
force  applied.  It  is  deficient  also  in  a  circular  space,  as  large  aa 
a  half-crown-piece,  at  the  bottom  of  the  acetabulxun.  This  space, 
which  is  filled  up  to  the  level  of  the  cartilaginous  surface  of  the 
cavity  by  soft  fat  and  synovial  membrane,  corresponds  with  the 
round  ligament,  with  the  dimple  in  the  head  of  the  femur  where  tl»e 
ligament  is  attached,  and  with  the  slight  prominence  of  the  carti- 
laginous surface  surrounding  the  dimple;  and  it  represents  the 
area  traversed  by  them  in  the  various  movements  of  the  hip.  The 
fat  readily  yields  before  the  ligament,  and,  rising  on  either  side 
of  it,  prevents  any  void  space  being  created  when  the  latter  is 
shifted  from  place  to  place. 

The  wall  of  the  acetabulum,  at  this  part,  is  not  usyally  subjected 
to  much  force,  and  is  Uiin  and  spongy.  It  is  sometimes  perforated 
by  ulceration  in  disease  of  the  joint,  and  ia  occasionally  broken  by 
a  severe  blow  iip:»n  the  trcichanter;  the  head  of  tlie  thigh-bone  may 
even  be  forced  through  it  into  the  cavity  of  tb©  pelvis.  The  cu&hion  of 
fet  IB  connected  with  it  only  by  a  layer  of  loo«e  areolar  tiaaue,  and 
may,  accordingly,  be  easily  detached  by  the  handle  of  a  acalpel,  or  be 
peparated  by  maceration. 

The  margin  of  the  acetabulum  is  abrupt  on  its  inner  or  articu- 
lar surface,  and  is  more  gradually  sloped  on  its  outer  surface.     It 
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is  also  uneven;  it  presents  a  marked  notch  at  the  fore  part,  beneath 
the  groove  for  the  psoas  tendon ;  this  notch  indicates  the  point  of 
union  between  the  pubes  and  the  ilium.  There  is  another  less 
marked  notch  at  back  part;  this  indicates  the  point  of  union 
between  the  ilium  and  the  ischium. 

•nmotytyioid  Tlic  acetabulum  does  not  form  more  than  170^  or 

Ugsmcnt.  175",  that  is,  not  ao  much  as  a  half  circle  in  any  direc- 
tion; it  does  not,  therefore,  embrace  the  greatest  circumference  of 
the  head  of  the  femur,  and  has  no  power  to  hold  it  in  its  cavity. 
It  is,  however,  deepened  by  the  cM^htd  ligament,  which  is  attached 
to  its  margin,  and  which  embraces  the  head  of  the  femur  at,  and  a 
little  beyond,  its  greatest  circumference,  so  contributing  very  much 
to  the  security  of  the  joint.  This  structiu-e  (PL  XLIL  fig,  1,  i^and 
XLIII,  fig,  1,^  is  composed  of  firm  yellowish*white  fibrous  rings, 
and  is  attached  by  a  wide  basis  to  the  border  of  the  acetabulum, 
to  the  edge  of  the  cartilage  that  lines  the  acetabulum,  and  to  the 
fibrous  capsule  that  springs  from  its  outer  edge.  It  is  shaded  off 
into  a  tliinner  edge,  which  projects  into  the  joint  between  the  head 
of  the  femur  and  the  capsule,  is  inclined  a  little  inwards  so  as  to 
embrace  the  head  of  the  femur,  and  is  retained  in  close  contact 
with  it  by  the  pressure  of  the  capsule.  The  synovial  membrane 
is  reflected  from  the  capsule  upon  it  and  is  lost  upon  its  free 
edge.     It  fills  up  the  minor  inequalities  observable  in  the  mar- 
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Fig.  I.  TrajiiTerse  %ament  ftnd  notch  of  rigbt  aeotabulum  seen  from  below. 
At  cut  surface  of  pubea.  B,  ditto  of  iscMum,  C,  edge  of  bone  between  Aoetabtdum 
and  obturattir  hob,  forming  the  bottom  of  acetabular  notch,  i>,  fibres  of  tran8V«w© 
Ligament;  aming  fkim  anterior,  or  pubic,  comer  of  notch,  croaaing  beneath  those  {E\ 
which  arise  from  poeteriorj  or  ifichiatic  ooraer,  and  becoming  blended  with  iF\  the 
«»tyloid  Egament^  which  in  oontinued  aotois  the  notch  ip  front  of  the  tranaveiBe  liga- 
ment. Oj  vacant  apace  in  notch  wMeh  ia  oocQpied  by  fat  oontintioiiB  with  that  in  tho 
round  ligament. 

Pig,  1.  Front  view  of  right  hip-joiDt.  A^  anterior  inferior  apine  of  ilium.  B^  pubea. 
Cj  iachium.  Z>,  leaser  trochanter  of  femur,  JF,  tendon  of  rectufl  femoris.  F,  anterior 
aoces«iorj  ligament.  O,  auperior  accessory  ligament,  M,  inferior  acceasotj  ligament. 
/,  apace  covered  by  tendon  of  pooae  magnua.  K,  interlacing  Bbrea  of  obturator  liga- 
ment. 
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^n  of  tlie  acetabulum,  and  is  continued  across  the  notcli,  thus 
forming  a  complete  circle  or  collar,  which,  closely  surroimding 
the  head  of  the  femur,  and,  like  a  valve,  preventing  the  entrance 
of  air  into  the  joint,  holds  the  thigh-bone  in  its  place,  after  the 
capsule  has  been  quite  divided.  Owing  to  its  soft  cushion j  quality 
it  does  not  interfere  with  the  movements  of  the  joint,  and  it  pre- 
vents any  chipping  of  the  acetabulum  or  injury  to  the  head  and 
neck  of  the  thigh-bone,  which  would  have  been  likely  to  occur  had 
the  place  of  the  ligament  been  supplied  by  a  prolongation  of  the 
edge  of  the  cup  itself.  Even  when  the  head  of  tlie  thigh-bone  is 
driven  over  the  edge  of  tlie  acetabulum,  as  in  dislocation,  the 
bones  generally  escape  injury. 

The  influence  of  this  fibrous  ring,  combined  with  that  of  atmo- 
spheric  pressure,  is  exerted  upon  the  head  of  the  femur  under  all 
circumstances  and  in  every  position  of  the  joint.  The  articular 
surfaces  are  thus  maintained  in  apposition  with  sufficient  force  to 
meet  all  ordinary  contingencies;  and  this  is  done  without  any 
hindrance  to  the  movements  of  the  joint.  The  head  of  the  thigh- 
bone, though  securely  held  in  its  socket,  is  free  to  revolve  in  any 
direction  with  a  scarcely  appreciable  amount  of  friction;  and  the 
lower  extremity'  swings,  like  a  pendulum,  from  the  pelvis. 
Tr&iisvem  The  cotyloid  ligament  is  not  entirely  confined  to  the 

"***°*^*'  margin  of  the  acetabulum  ;  for  some  of  its  fibres  are,  as 
just  said,  continued  across  the  notch,  completing  the  circle  of  the 
acetabulum.  It  is  strengthened  in  this  situation  by  a  layer  of 
strong  fibrous  bundles  (D),  passing,  from  the  external  surface  of  the 
pubes,  just  in  front  of  the  anterior  or  pubic  comu  of  the  notch, 
downwards  and  backwards  to  the  posterior  or  isehiatic  cornu;  also 
by  deeper  bundles  (E)  arising  from  the  isehiatic  comu,  and  cross- 
ing the  others  obliquely.  Some  of  the  fibres  of  both  these  bundles 
are  continuous  with  those  of  the  cotyloid  ligament;  and  they  com- 
bine with  it  to  make  the  Tranm^erse  Ugmnent,  The  transverse 
ligament  does  not  fill  up  the  acetabular  notch,  but  merely  bridges 
it  over,  leaving  a  space  {G)  beneath  it,  through  which  vessels  pass 
to  the  bottom  of  the  acetabulum,  and  into  which  the  fat,  contained 
in  and  about  the  base  of  tlie  round  ligament,  is  pressed  in  certain 
positions  of  the  joint. 
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^^if^niw  The  Capsular  lif^ament  (PL  XLllL),  &&  in  the  case 

^'**'**^  of  other  ball-and-socket  joints,  extends  from  the  edge 
of  the  **  cup*'  to  the  circamfereiice  of  tlie  neck  upon  which  the 
*'  balP*  ig  carried.  It  encloses  the  cotyloid  ligament,  and  its  fibres 
ruBj  for  some  distance,  upon  the  exterior  of  the  acetabulum,  the 
uppermost  becoming  Lleuded  with  some  of  the  fibres  of  the  reeim 
femoru  {N)^  near  the  anterior  inferior  spine  of  the  ilmro.  At  the 
notch  it  is  connected  with  the  cot^-loid  ligament;  but  is  thin  at  that 
part.  Exteraally  the  capsule  is  attached  to  the  base  of  the  great 
trochaoter,  beneath  the  digital  fossa,  to  the  prominent  ridge  of  the 
inner  and  fore  part  of  the  great  trochanter,  to  the  anterior  inter- 
trochanteric line,  and  to  a  line  which  ascends  fi-nm  tlie  lower  end  of 
the  latter,  iu  tront  of  the  lesser  troclianter,  and  which  then  pa;sae8 
behind  the  middle  of  the  neck  of  the  femur  to  the  digital  foeaa. 
This  line,  especially  where  it  passes  behind  the  neck  of  the  femur, 
IB  very  faintly  marked*  The  attachment  of  the  capsule  at  this  latter 
part  is  slight;  it  is  chiefly  effected  by  means  of  a  thin  exter- 
nal layer  (if),  which  passes  towards  the  trochanter,  and  by  a  thin 
internal  layer  [O)  which  is  reflected  upon  the  back  of  the  neck  ol 
the  femur, 

iimoitti^iit  Most  of  the  fibres  of  the  capsule  pass,  not  directly 

wii«aui«  thigh  fi^Qjn  (jjig  hon^  to  the  other,  but  obliquely,  and  are  so 

Is  extended  x       v  » 

upon  the  arranged  that  the  greater  number  of  them  are  tightened 

when  the  thigh  is  extended  upon  the  pelvis*     The  effect 


< 


pelvis. 
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Fig.  I*  Transverae  section  through  lefl  hipjoint  viewed  from  above.  A,  A^  aceta- 
bulum, Bf  gresit  trocluiDter.  Cf  deprcBaioti  at  bottom  of  acetabulum  devoid  of  c&r^ 
tilage.  i>,  moat  prominent  part  of  head  of  femur.  E,  £",  out  edges  of  eotybtd 
ligament.  F^  back  part  of  capsule.  G,  Ujer  of  capflule  reflected  upon  Lack  of  uack 
of  femur*  Bf  thin  lajer  paBSiDg  on  to  back  of  Dock  of  f«mur  near  great  trocbanter. 
/,  fore  part  of  capsule  pulled  awaj  from  front  of  neck  of  femur, 

Fig,  1,  Back  view  of  rigbt  hip-joint.  A,  acetabulum.  B^  great  troduuiter. 
Ki  ffpine,  and  Z,  tuber,  of  iftcbium.  M^  pubea.  A^,  tendon  of  rectiiB  femoria,  0, 
zonular  band,  P^  edge  of  capsule  lightly  connected  with  binder  part  of  neck  of  femur, 
$,  fibres  of  superior  accessory  ligament,  interlacing  with  those  of  rectus  tendon, 
passing  into  back  of  capsule  and  continuous  with  zonular  band. 
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of  this  IS  to  press  the  head  of  the  thigh-bone  tightly  against  the 
acetabulum-,  and  to  give  a  certain  amount  of  steadiness  to  the  joint 
in  that  position.  For  the  same  reason,  if  the  joint  be  tender  from 
inflamraation  of  the  synovial  membrane,  or  if  fluid  be  effused  into 
its  ca\dty,  the  extended  position  becomes  painfnl  or  impossible ;  the 
patient,  therefore,  keeps  the  thigh  a  little  bent  upon  the  pelvis,  and, 
when  he  stands,  the  whole  of  the  afiected  extremity  is  placed  in 
advance  of  the  other;  the  pehis  is,  at  the  same  time,  inclined 
dowTiward  on  the  affected  side,  to  assist  in  the  bending  of  tlie  hip- 
joint,  and  to  enable  the  foot  to  rest  upon  the  ground,  so  that  an 
apparent  elongation  of  the  limb  is  produced, 

ita  vMTiug  ^^^  capsule  varies  very  much  in  thickness  in  dif- 

uikknesL  fcFcnt  parts.  It  is  thin  near  the  back  of  the  neck  of  the 
femur,  also  near  the  transvexse  ligament  and  where  it  is  covered  by 
the  psoas  tendon.  It  is  of  verj'  great  thickness  at  the  front  of  the 
joint,  and  between  the  upper  edge  of  the  acetabulum  and  the  fore 
part  of  the  great  trochanter\ 

AcemKOT  "^'^^  g^^^^  thickness,  at  these  parts,  is  due  to  accessory 

ligamentous  fibres,  which  pass  from  the  anterior  intertro- 
chanteric  line  in  three  directions.  One  division,  which 
may  be  Cfilled  the  AnieriQr  accpssorif  ligament  (PL  XLIL 
fig,  2;  F)^  runs  from  the  middle  and  greater  pail  of  that  line, 
obliquely  upwards  and  a  little  inwards,  to  the  lower  edge  of  the 
anterior  inferior  spine  of  the  ilium,  and  to  the  thick  ridge  that  de- 
scends from  the  spine  to  the  acetabulum.  The  coinponcnt  bundles 
are  not  all  disposed  in  p*arallel  lines ;  for  those  which  arise  from  the 
lowest  part  of  the  inter-trochanteric  line  ascend  to  the  highest  part 
of  the  iliac  ridge,  and  are,  therefore,  less  oblique  than  the  others, 
which  arise  from  the  higher  part  of  the  line,  and  pass  to  the  lower 
part  of  the  ridge. 

It  is  a  ligament  of  great  strength  and  grcAt  import- 
ance.    Its  office  is  to  limit  the  extension  of  the  hip- 


UpuDeott : 


the  aaterinr 


llmiti  extea- 


^  It  miut  be  understood  that  the  CApaule  is,  »t  all  parte  and  in  all  po^itioni;  of  the 
joint,  clofte^ly  applied  to  the  neck  of  the  thigh-bone,  being  separated  from  it  only  hy 
synovia)  mcrobrane  and  euftlcient  irynovial  fluid  to  lubricate  the  opposed  Bur&ces. 
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joint.  When  the  joint  is  so  far  extended  that  the  thigh  is  brought 
into  a  line  with  the  vertebral  column  the  ligament  is  r^idered 
quite  tense,  and  farther  movement  in  tliat  direction  is  prevented. 
It  is,  accordingly,  tense  when  we  stand  upright;  and  we  are,  in 
consequence,  then  unable  to  tlirow  either  thigh  furilier  baxrk- 
warJ,  without  at  the  same  time  rolling  the  pelvis  ujjon  the  other 
tliigh.  And,  what  is  more  important,  it  resists  the  tendency  which 
the  powerful  extensor  muscles  have  to  roll  the  pelvis  and  trunk 
back  upon  the  thigh  beyond  a  given  point.  When  their  action  has 
brought  the  trunk  into  a  vertical  position,  so  that  the 
•feeadj^Mitto  1^^©  ^^  g^^^^Jj  falling  tlirough  the  spine,  bisects  a  line 
tSL*"*^^***^  drawn  transversely  between  the  heads  of  the  thigh- 
bones (page  148),  this  ligament  operates  as  a  check,  and 
enables  those  muscles,  with  slight  effort^  to  fix  the  pelvis  and  the 
trunk  steadily  in  that  position.  Without  some  such  check  it  would 
be  almost  impossible  for  the  pelvis  to  be  balanced,  for  any  length 
of  time,  and  with  any  thing  like  secmitv^  upon  the  slippery  sphe- 
rical heads  of  the  thigh-bones ;  the  tnuik  would  be  continually 
swaying  to  and  fco,  and  tlie  erect  posture  would  be  one  of  great 
difficulty  and  fatigue.  The  several  fibres  of  the  ligament  all 
become  tense  at  the  same  time,  and  combine  to  effect  this  im- 
portant purpose.  They  do  not  distinctly  limit  either  rotation,  ab- 
duction, or  adduction,  in  any  position  of  tlie  joint ;  but  when  quite 
upon  the  stretch  they  do,  more  or  less,  impede  these  movements, 
particularly  the  latter* 


DESCRIPTION  OF  PLATE  XLIV. 

Hip-joint,  m  extended  position^  viewed  from  tbe  front,  with  the  fore  port  of  Uie 
acetaljuluto  {A,  A^  A)  reflected  from  B^  B,  B,  C,  part  of  reflected  cotyloid  lig&ineiii. 
Df  rf:6ected  front  of  capfiole.  £,  jiart  of  saperior  iwjcesaory  ligament  reflected. 
G,  cut  edge  of  ditto.  F,  out  edge  of  cotyloid  ligament-  If,  thin  part  of  acetabulum ; 
the  iat  which  should  cover  it  has  been  removed.  /,  posterior  band  of  ligamcDtiun 
teres,  urising  from  {A'')  the  ischiatic  coraer  of  the  notcli.  The  w»vy  diapoflitiou  of  ita 
fibres  showa  that  it  is  not  tenpe.  X,  fibren  pussing  from  Jt>rv  part  of  capsule  upon  ii«ek 
c*f  femur. 


Flatt  XUV. 
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The  Boperfor 


The   uppermost   fibres   of  the  accessory   ligament, 
which  may  be  called  the  Stipm'ior  acmsaory  ligament, 
"•™"'  {PI.  XLli.  fig.  2,  O  and  XLIV.  S,  G)  are  attached, 

externally,  to  the  bold  ridge  that  staoi^  out  from  the  fore  part  of 
the  great  troclianter,  at  its  junction  with  the  neck.  The  gi'eater 
number  of  them,  forming  a  very  powerful  ligament,  nearly  half  an 
inch  thickj  the  thickest  and  strongest  in  the  body,  run  inwards, 
with  a  slight  inclination  upwards  and  backward)?,  to  the  upper  edge 
of  the  acetabulum  and  to  the  outer  side  of  the  ridge  which  ascends 
from  it  to  the  anterior  inferior  spine  of  the  ilium.  Other  fibres — 
the  upper  and  hinder  (PI.  XLIII,  fig,  2,  Q) — radiate  backwards, 
over  the  neck  and  head  of  the  femur,  to  the  outer  surface  of  the 
acetabidum,  between  the  ridge  before  mentioned  and  the  neigh- 
bourhood of  the  tuber  ischii.  Some  of  them  are  entwined  with 
the  fibres  of  the  rectus  tendon  (N),  The  hindmost  of  all,  passing 
downwards  and  backwards,  over  the  back  of  the  joint,  are  inter- 
laced with  fibres  derived  from  the  inferior  spine  of  the  ilium  and 
the  exterior  of  the  acetabulum,  and  thicken  the  outer  edge  of  the 
capsule  at  this  part,  bo  as  to  form  a  zonular  band  (0)  which  encir- 
cles the  hinder  part  of  the  neck  of  the  femur,  somewhat  in  the  same 
manner  as  the  orbicular  ligament  encircles  the  head  of  the  radius. 
They  are  finally  lost  in  the  capsule  near  the  tuber  ischii. 
iimiu  oxteniion  Nearly  all  the  fibres  of  the  superior  accessory  lign- 
ortiie  thigh  ment  are,  like  those  of  the  anterior  ligament,  put  on  the 
stretch  when  the  thigh  is  extended,  and  contribute  with  them  to 
antagonise  the  action  of  the  gluta?i  and  other  extensor  muscles, 
and  to  give  steadiness  to  the  joint.  They  act  also  in 
a  more  direct  mamier  than  the  anterior  ligament,  in 
limiting  addoction  of  the  thighj  or,  more  properly 
speaking,  in  limiting  lateral  inclination  of  the  pelvis  upon  the 
thigh,  such  inclination  as  is  caused  by  the  weight  of  the  body 
bearing  upon  the  sacrum  when  we  rest  upon  one  foot.  In 
proportion  as  the  pelvis  is  bent  upon  the  thigh  so  does  the 
nmgc  of  its  lateral  inclination,  at  the  hip,  become  more  free; 
and  the  limit  to  that  movement  is  set  either  by  the  fibres  of 
this  ligament  or  by  those  of  the  round  ligament  which  now  come 

33—2 
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into  play*  First,  when  the  hip  is  a  little  hent,  the  office  is  per- 
formed bj  the  enormously  thick  bundles  of  the  saperior  acceesory 
ligainent,  which  pass  from  the  trochantral  ridge  to  the  npper  edge 
of  the  acetabulum;  ami  in  the  "stand-at-ease"  position  of  drill, 
when  the  suldier  rcst^  upon  one  leg,  with  the  hip  a  little  bent,  the 
pelvis  and  trunk  are,  as  it  were,  slung  upon  this  ligament,  the 
lutbeutiBr  niuscles  being  left  almost  entirely  at  rest.  As  the 
;j^^^^  flexion  inci-eases  the  oflice  is  transferred,  more  and  more, 

iteMQw**^"  from  these  strong  anterior  fibres,  to  the  hinder  and 
weaker  fibres  of  the  ligament,  which  pass  to  the  upper  and  poste- 
rior surface  of  the  acetabulum  and  to  the  hinder  part  of  the  caj^ule; 
and  when  the  flexion  has  reached  to  a  certain  degree  (when  the 
thigh  is  bent  to  somewhat  less  than  a  right  angle),  assistance  is 
rendered  by  the  Lt4/antentum  teres. 

•FhAirtbrk.  "^'^^  inferior  portion  of  the  accessory  ligament,  form- 

ing what  may  be  called  the  Infortor  ctccessory  liffatfi$iU 
(PI,  XLII,  tig.  2,  27),  arises  from  the  lowest  point  of 
the  intcr-trochanteric  ridge,  from  the  ridge  which  ascends  from  the 
latter  in  front  of  the  lesser  trochanter,  and  from  the  angle  between 
these  two  ridges.  It  runs  obliquely,  upwards  and  forwards,  to 
the  pubic  edge  of  the  acetabulum,  just  above  the  notch,  where 
some  of  its  fibres  become  blended  with  the  fibres  of  the  transT^rse 
ligament. 


DESCRIPTION  OF  PLATE  XLV, 

Vertical  section  from  side  to  side  through  left  bip-jamt,  with  Ui%h  extended  upon 
peWiii  and  &ddiiGted|  Mid  with  toes  directed  atnught  forward.  A^  cut  edge  of  omit 
uf  iliutDH  B,  tuWr  ischii.  C^  thm  piu-t  of  acetabulum.  J}^  round  Ugunent  flpnoging' 
from  bindur  cctrticr  of  notch  liud  a§cGni^it|^  in  ft  wftYing^  Uq6  to  dimple  in  hmd  of 
femur.  £*,  E,  cut  edge  of  cjiptule.  It  is  tbickened  ne&r  ikoetabulum  jkbove,  Aud  it«ftr 
it«  nttacbmeiit  to  femur,  IxiloWj  by  the  2bddition  of  the  anterior  aooeaaory  UgameQl 
{F,  F).  Some  of  its  fibrefl  are  rofl^^ctcd,  with  synovial  membrane  at  (?,  Q,  upon 
upper  and  landcr  surfaeea  of  Deck  of  femur,  i/,  rectus  tendon  tum«d  back.  /,  upper 
cut  edge  of  cotyloid  %amemt.  A",  lower  edge  of  same,  with  tome  of  ita  fibrea  con- 
tinued into  round  ligament. 

Tlio  cnpsulie  is  relaxed  above  and  below,  b^caufie  itei  6bro8j  wbich  run  from  tbe 
ilium  downwards  and  ouiwardt  to  the  femuri,  are  cut  obliquely  in  the  section. 
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ttBdii  ^bdnction  I*  lioiits  fibdiictioii  of  tlie  thigh,  or  rotation  of  the 
ori]i«iiyg!L  pelviis  outii^^arcls  upon  the  femur;  Thus,  when,  in 
standing  upon  one  leg,  we  incline  the  body  and  the  pelvis  a  little 
to  that  side,  so  as  to  maintain  the  balance,  a  check  to  the  move- 
ment is  given  by  this  ligament,  at  the  right  time,  just  as  we  have 
Been  that  a  check  to  extension  of  the  hip  is  given  by  the  anterior 
accessorj^  ligament  when  tlie  erect  posture  has  Ijcen  attained;  and 
the  muscles  which  have  caused  the  movement  are  enabled  by  this 
assistance  to  fix  the  pelvis  steadily  upon  the  thigh. 

In  the  erect  posture  the  inferior  accessory  ligament  is  soon 
rendered  tense,  and  the  movement  just  mentioned  is,  accordingly, 
soon  stopped.  If  the  thigh  be  a  little  bent  the  points  of  attachment 
of  the  ligament  are  brought  more  nearly  into  the  same  line,  and 
are,  therefore,  approximated  a  little,  so  that  a  greater  range  of 
movement  is  permitted. 

Near  the  attachment  to  the  femur  this  ligament  is  united  with 


Thin  i>Mt  of 
caipsule. 


the  anterior  accessory  ligament;  but  they  diverge  from 
one  another  as  they  pass  to  the  pch'is,  and,  in  the  inter- 
val (/)  which  is  left  between  them,  the  capsule  is  thin  and  is 
covered  by  the  psoas  tendon;  indeed  there  is  often  a  communica- 
tion here  between  the  bursa  appertaining  to  that  tendon,  and  the 
cavity  of  the  hip-j«nnt. 

LiguneDtum  The   officcs   of   the  lAgantentum   teres    have   been 

**'**'  variously  stated;  but  never,   I  think,  quite  correctly. 

They  are  rather  difficidt  to  ascertain  wath  precision,  because  the 
ligament,  lying  in  the  interior  of  the  joint,  is  entirely  hidden  from 
view;  and  when  once  the  capsule  has  been  cut,  or  a  section  of  the 
joint  has  been  made,  it  is  not  easy  to  retain  parts  in  their  proper 
position  while  the  bones  are  moved  npou  one  another*  The  best 
Beiftittod*  opportunity  of  observing  the  ligament  is  aflbrded  by 
ezporingitto  remo^Hng  with  a  trephine,  from  the  bottom  of  the  ace* 
tabnlum,  the  portion  of  bone  which  is  not  covered  by 
cartilage.  This  may  be  easily  effected  from  the  inside  of  the 
pelvis,  after  one  os  innominatum  has  been  taken  away ;  and  it 
should  be  done  while  the  capsule  remains  entire.  When  the  piece 
of  lK>ne  has  been  thus  cut  out,  and  the  fat  wliich  lies  upon  it  has 
been  dissected  away,  the  ligament  is  seen   in  its  whole  length, 
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and  its  condition  in  the  various  positions  of  the  joint  can  be 

observed*. 

The  round  ligament  consists  of  two  l)aiids,  a  posterior,  mode- 
rately thick  and  strong,  and  an  anterior,  thin  and  weak,  Ttese 
are  attached,  respectively,  to  the  ischiatic  and  pubic  margins  of  the 
acetabular  notch;  they  are  connected  together  by  areolar  and  fatty 
tissue,  and  by  a  synovial  sheath ;  and  they  are  inserted  together 
into  the  bottom  of  the  dimple  in  the  head  of  the  femur,  so  as  to 
form  one  triangular  ligament.  It  will  l^e  observed^  on  looking  at  a 
thigh-bone  (particularly  a  recent  thigh-bone),  that  the  outline  of  this 
dimple  is  not  circular  but  rather  of  trefoil  sliape,  or  three-cornered 
(PL  XL VI.  fig.  5),  the  lower  edge  being  nearly  flat.  Each  of  the 
lower  two  comers  corresponds  with  one  of  the  bands  of  the  liga- 
ment; and  the  hinder  one  is  the  larger  and  deeper,  in  accordance 
with  the  greater  size  of  the  posterior  band;  the  upper  comer  is 


^  I  liid  nidrM  to  this  means  of  asoertaiiiiiig'  ihe  use  of  the  rtiUDd  ligMneiit,  And 
had  demonstrated  it  to  my  pupils,  before  seeiDg,  from  a  brief  report  of  a  |»per  T«ad 
by  Dr  Struthera,  £d.  3ffc£.  Joumaf,  April,  1847,  that  he  had,  by  »  similar  prooeM, 
arrived  at  some  what  similar  reaulta. 


DESCEIPTION  OF  PLATE  XLVI. 


Figs,  r,  1,  3,  and  4,  are  views  of  ligamentura  teres  in  different  positioDa  of  the  hip, 
obtained  by  cuttiog  out  a  cuxjular  portion  of  the  hotiom  of  the  aoetabulum.  A,  A, 
cut  edge  of  ilium.  Bj  ditto  of  pubes.  O,  spine  of  iacbium.  i>,  tuber  ischii.  S^ 
femur,  F,  lower  iurface  of  the  capsule.  (?,  opening  into  acetabulum  beneath  tranflr 
veT»e  ligament.  N^  ligamentum  teres ;  /,  small  pad  of  fat  lying  upon  it,  and  assisting 
to  fill  up  dimple  in  head  of  femur.  The  pelvis  la  la  the  erect  position  in  all.  In  fig.  t 
the  thigh  is  extended  and  adducted ;  ligamentum  teres  is  not  tight.  In  fig»  1  the  thigh 
ifl  bent;  and  ligamentutn  teres  is  still  relaxed.  In  fig.  3  the  thigh  ia  bent  and 
adducted ;  the  fibr*ja  of  ligamentum  teres  are  straight  and  tight.  In  fig,  4  the  thigh 
ii  bent  and  rotated  outwards  ;  tho  fibrtsa  of  ligamentum  teres  are  now  also  tight.  In 
the  last  two  posttionfi  the  small  pad  of  ikt  (repreaented  at  /,  in  figi.  i  and  1)  is  carried 
out  of  eight. 

Fig.  5.  A  view  of  the  dimple  in  the  head  of  the  femur^  ehewing  its  triangular 
Form, 
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occupied  only  by  fat.  "When  tlie  hip  is  beDt  tlie  lower  two  comers 
of  tlie  dimple  are  brought  opi>osite  to  the  edges  of  the  acetabular 
notch;  that  is  to  say,  tlie  respective  points  of  attachment  of  the 
two  bands  of  the  ligament  are  brought  op]>osite  to  each  other, 
uie  to  limit  This,  together  with  the  fact  that  the  bands  do  not 
jncUnAtion  of    occupY  the  comers  of  the  dimple  at  all  timers,  but  only 

the  pcM»  Iji  ^-^  *  ,  , 

flt'xpd  fruition    when  they  are  on  the  stietchj  at  other  times  lying  upon 
any  part  of  the  lower  edge  of  the  dimple,  indicates  that 
the  bent  position  of  the  hip  is  that  in  which  the  ligament  is  tense, 
and  13,  therefore,  the  position  in  which  it  is  called  into  service. 

The  inference,  thus  drawn  from  the  anatomy  of  the  parts,  is 
quite  confirmed  by  the  observation  of  the  ligament  through  the  tre- 
phine hole  just  mentioned  (PL  XLVI,),  In  the  extended  jjosition 
of  the  joint  (fig.  1)  the  ligament  is  se^n  to  be  quite  loose;  and  it 
cannot  be  rendered  tense  by  any  adduction  or  rotation  of  the  thigh. 
If,  however,  the  thigh  be  bent  upon  the  pelvis  (fig,  2),  and  be  then 
adducted  (fig,  3);  or  if,  w^heu  bent,  it  be  rotated  outwards  {fig,  4) ;  or, 
which  ainouuts  to  the  same  thing,  if  the  opposite  side  of  the  pelvis 
be  inclined  downwards,  the  ligament  is  rendered  tense,  and  its 
two  bands  are  drawn  tightly  over  the  tw^o  comers  of  the  diniplc  in 
the  head  of  the  femur,  which  are  now  opposite  to  the  two  edges  of 
the  acetabular  notch. 

In  the  bent  position  of  the  thigh,  with  the  other  side 
liooIlipnSi^  ^f  ^^^  pelvis  inclined  do^^iiwards,  the  round  ligament  is 
Dotchte'wSn  'J^^^^^  ^^^  f^i^'  length  into  the  acetabular  cavity;  and  the 
podHoui  of  the  areolar  and  tatty  tissue,  enclosed  in  its  SjTiovial  sheath, 
arc  drawn  up  with  it.  But  when  the  rotation  of  the 
thigh  or  pelvis  is  eflected  in  an  opposite  direction,  or  when  the 
thigh  is  abducted  in  the  erect  posture,  the  ligament  is  driven,  in 
wrinkles,  down  to  the  lower  part  of  the  acetabulum  ;  and  its  areolar 
and  fatty  tissue  are  compressed  into  the  notch,  and  are  made  to 
project  externally  beneath  the  transverse  ligament.  Thus  we  learn 
that  one  of  the  uses  of  this  notch  is  to  afford  room  for  the  compo- 
nents of  the  round  ligament  in  certain  position.^  of  the  joint. 
TarniaduiO'  Anatomical  and  experimental  observation  combine, 

cation.  therefore,  to  shew  that  the  office  of  the  ligamcntum  teres 

is  the  same  wnth  that  of  the  hindmost  fibres  of  the  superior  acces- 
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To  assure  myself  further  of  the  ctmdition  of  the  liffameet 
MentnT«rticai  in  the  erect  postui*e,  I  made  a  vertical  section  through  the 
^  *■  joint  when  the  thigh  was  extended  upon  the  pelvis  with  the 
toes  directed  straight  foi-ward ;  and  found  that  although  the  section  was 
parallel  with  the  fibres  of  the  ligament  thej  were  not  tense,  neither 
could  they  be  made  so  till  the  joint  was  bent  (PI.  XX.IV.  XLY.). 

Aiwayj  torn  iu  The  Hgameutiim  teres  is  torn  in  each  variety  of  disloca- 

dkiocation*  ^^^^^  even  in  the  dislocation  into  the  obturator  hole.  For 
though,  when  the  joint  has  been  opened  afl-er  death,  the  head  of  the 
thigh-bcme  can  be  removed  from  the  socket  and  laid  in  the  obturator 
hole  without  dividing  the  ligament,  yet  the  force  which  causes  a  dLsloca- 
tion  is  always  sufficient  to  rend  the  ligament  from  its  dimple  in  the 
femur.  The  separation  takes  place  the  more  easily  because  the  drag 
upon  it  in  this  displacement  is  made,  downwards,  in  the  direction  in 
which  it  is  not  calculated  to  offer  resistance.  In  the  other  dislocations 
of  the  hip,  the  force  is  applied  in  an  opposite  direction;  and  the  liga- 
ment is  not  separated  fi-om  the  dimple,  but  in  rent  across  a  little 
below  it 

Although  a  valuable  assistant  to  the  other  ligaments,  it 
may  be  wanting,  without  any  esjiecial  weakness  of  the  joint 
being  observed  to  result  from  it^  absence.  Perhaps  the  deficiency  in 
such  cases  is  compensated  for  by  additional  strength  in  the  upper  part 
of  tlie  capsule,  or  in  those  fibres  of  the  accessory  ligament  which  are 
associated  in  function  with  the  ligamentum  teres.  I  have  remarked  the 
ligament  to  be  comparatively  thick  in  foetal  and  early  life,  especially 
near  the  bead  of  the  femur,  and  to  be  comparatively  thin  in  some  eUlerly 
persons ;  but  I  have  not  made  sufficient  observations  to  he  sure  that  it 
undergoes  any  regidar  decrease  in  size  in  advancing  years. 

"WMttngia  ^^  ^  generally  present,  and  sometimes  is  very  strong, 

flomo  fcDiniAia.  [j^  those  animals,  as  the  horse  and  ox,  in  which  the  hinder 
extremities  are  inclined  inwards  from  the  pelvis,  and  in  which  such 
aasiBtanco,  as  the  round  ligaments  afford,  is  required  to  limit  the  degree 
of  that  inclination.  When,  on  the  other  hand,  the  lower  extremities 
deaceud  more  vertically,  or  are  inclined  a  little  outwards,  it  is  commonly 
absent,  as  in  the  elephant,  the  seal,  and  the  tortoise.  In  the  orang 
outan  it  is  very  small,  or  wanting  altogether.  In  the  chimpans^  and 
other  monkeys  it  is  present.  In  the  frog,  as  before  stated,  a  similar 
structure  is  found  in  the  shoulder  as  well  as  in  the  hip-joints» 
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To  sum  up  what  huA  been  sulci  iTSpecting  the  officer  af  the 
varioiiB  ligaments  of  the  hip: — Extension  of  the  joint  is  aiTcstcJ,  at 
the  ereet  position,  by  the  anterior  accessory  ligament ;  and,  hy  tlic 
antagonising  assistance  of  this  ligament,  the  extensor  muscles  are 
enabled  to  hold  the  pelvis  steady  in  that  position.  Flexion  is 
limited,  not  by  any  particular  ligament,  but  by  the  muscles  and 
by  the  bulk  of  soft  parts  in  front  of  the  joints  The  inclination 
of  the  opposite  ilium  upwards  (which  corresponds  with  aMuction  of 
the  thigh)  is  limited  by  the  inferior  accessory  ligament.  The  in- 
clination doTVTiwards  in  the  erect,  and  slightly  bent,  positions  of  the 
joint  (which  corresponds  w^ith  adduction  of  the  thigh)  is  limited 
by  the  anterior  fibres  of  the  superior  accessory  ligament ;  and  by 
the  hinder  fibres  of  the  same  liganient,  as  well  as  by  the  ligamen- 
tura  teres,  when  the  joint  is  more  bent.  The  inclination  of  the 
opposite  side  of  the  pelvis  fon\'ards  in  the  erect  posture  (which 
corresponds  with  rotation  of  the  thigh  inwards)  is  limited  by  the 
hinder  pai-t  of  the  capsule ;  and  the  inclination  of  the  same  back- 
wards (wiiieli  corresponds  witli  rotation  of  the  thigh  outwards)  is 
liiiuted  by  the  fore  part  of  the  capsule, 

SynoTki  m«m^  ^^^  >Sym)t»ia^  membrane  covotb  the  fibro^ia  tiasue  of  the 
bnine.  neck  of  the  femur,  is  reflected  from  it  upon  the  interior  of 

the  capsule  (PI  XLY.  €r)y  and  is  again  reflected  from  the  latter  upon  the 
exterior  of  the  cotyloid  ligament.  It  also  covers  the  rc»uud  ligament 
and  the  fat  at  the  bottom  of  the  aeetabidimi. 

Owing  to  the  extent,  the  vascularity,  and  the  inflections 
«nit  penistent  of  the  synovial  membrane,  as  well  as  the  variety  and 
^  range  of  movements  of  the  Lip,  this  joint  is  often  the  seat 
of  inflammation,  causing  the  well-known  symptoms  of  **  hip  disease,** 
which^  in  young  [>eraons,  lingers  so  long  in  each  of  its  several  stages. 
In  the  middle-aged  it  ia  common,  but  is  more  acute  and  more  quickly 
foUowed  by  ulceration  of  the  cartilages.     In  elderly  persona  it  is  apt 


*  Weber  found  that,  in  the  diB8«;t«i  jnint,  flexion  could  h&  carried  to  139®, 
wImvcm,  in  the  living  perwyn,  it  waa  limited  to  86^  by  tlie  presence  of  the  muBcW  and 
other  Boft  f«rt«.  Hia  experiments  shew  the  range  of  adduction ^  or  abduction,  to 
Amount  to  90**,  aod  thai  of  rotation  to  51;  it  i*  greatest  in  the  half-bent  position 
of  tb«  joint* 
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to  nsBume  tlie  characters  of  *^  chronic  rheumatic  arthritis,""  and  is  pro- 
ductive of  a  slower  remoTal  of  the  cartilages,  and  of  those  various  alte- 
rations in  the  shape  of  the  head  of  the  femur  and  of  the  acetabulum 
which  have  been  so  often  described*  When  once  disease  has  been  faiiljr 
established  in  the  hip,  whatever  the  period  of  life  may  be,  the  free  use  of 
the  Joint  is  rarely  regained  Hence  we  find  so  many  examples  of  anky- 
losis of  the  hip;  more,  I  thiek,  than  of  any  other  joint  The  obstinate 
manner  in  which  disease  adherer  to  the  stmctures  of  the  hip  la  probably 
explained  by  the  great  presimre  up<3n  the  articular  surfaces,  caused  by 
the  weight  of  the  body  and  by  the  contractions  of  the  powerful  muscles 
which  are  required  to  wield  the  long  and  hea\y  lower  extremity  upon 
the  trunk,  as  w^ell  as  to  move  and  supjiort  the  latter  upon  the  thigh. 
The  hip  is,  perhaps,  also  more  frequently  the  seat  of  congenital  malfor- 
mation than  any  other  joint*. 


THE  KNEE-JOIKT  (Platsb  XLVII.  to  LIII.) 

is  one  of  the  most  difficult  of  the  joints  to  understand  thoroughly; 
it  is,  however,  one  of  the  moat  interesting  to  study ;  and  it  presents 
a  high  claim  to  our  careful  consideration,  inasmuch  as  it  is  so 
frequently  the  seat  of  disease. 

Its  articular  surfaces  are  little  adapted  to  one  an- 
wctk,  really  otlicr  J  and  they  are  in  contact  only  to  a  comparatively 
slight  extent  in  any  position  of  the  limb.  So  far  as  it 
depends  on  them,  therefore,  it  is  a  most  insecure  joint.  It  has,  never- 
theless, to  bear  great  weight,  has  a  considerable  range  of  move- 
ment (as  much  as  150**  of  flexion  and  extension),  and  the  move- 
ment takes  place  between  the  two  longest  bones  of  the  body,  so 
that  it  has  to  withstand  the  influence  of  gre^itcr  leverage  than 
any  other  joint.  Experience  tells  us,  however,  that,  in  spite  of 
these  disadvantages,  it  is,  really,  one  of  the  strongest  of  the  joints ; 
at  least,  it  is  very  rarely  dislocated.  The  sources  of  its  strength 
are  to  be  found  in  the  size  of  the  articular  ends  of  the  tibia  and 
femuTj  which  are  the  largest  in   the  bodyj    in  the  number  and 


^  See  Cjfel  Anai,  Art  Hip-joint 


strength  of  tlie  ligainenta,  and  in  the  powerful  muscles  and  fasciae 
hy  which  it  is  invested, 

MoTcraent*  I*^  movcmcnts  are,  apparently,    simple,  consisting 

^^^^:  only  of  flexion  and  extension,  with  tlie  superaddition  of 
P*«*-  rotation  in  the  bent  position.     But  if  we  come  to  ex- 

amine tlie  joint  carefully,  when  these  moTements  are  made,  we 
shall  find  that  they  are  hy  no  means  so  simple  as  they,  at  first,  seem 
to  he. 

BiiTeffmsm  I^  ™^^^  othcf  joints  flexion  and  extension  take  place 

* Mtige-jotot.  £jj  ^^  almost  simply  hinge-like  manner;  that  is  to  say, 
the  same  part  of  one  articular  surface,  whether  it  be  the  whole  or 
a  portion  only,  is  applied  against  the  other  articuUir  siiriace,  and 
revolves  upon  it  in  every  stage  of  the  movement  j  and  tlie  centre 
or  axis  of  tlie  motion  is  a  fixed  one.  Thus,  in  the  clbow-jointj  the 
sigmoid  cavity  of  the  nlua,  and  the  cop-like  cavity  in  the  head  of 
the  radiuSj  are  applied  upon  the  lower  end  of  the  humerus,  and 
remain  in  contact  with  it  in  every  position  of  the  joint ;  and,  during 
movement,  they  revolve  round  an  axis  ckawn  through  the  lower 


DESCRIPTION  OF  PLATE  XLVII. 

Yertlcal  iectioii  tbrough  outer  condylefl  of  femur  and  tibia,  shewing  their  rd&tionii 
%&  cme  anotber  in  difiV r<jnt  poaitiona  of  tbe  knee-joint. 

Fig,  I.  The  section  waa  mode  when  the  honea  were  in  tkia — the  serai-ex tended — 
poBitioiii  and  the  cut  eurfacea  are  therefore  in  tbe  same  verlacal  pbine.  The  cartiUige 
)i  thickest  where  the  two  articular  surfacea  are  in  ixintact.  Aj  B^  C,  the  Bne  described 
hy  tbe  sbifling  axis  of  motion  of  the  tibia  upon  tbe  femur  in  extenaion  and  flexioii. 
A  oorresponda  with  a  line  drawn  between  tbe  f^oints  of  attachment  of  the  lateral 
ligaments.  The  lines  frous  J  to  i^  i^  3,  and  4,  indicate  the  distance  of  the  line  of 
attachment  of  the  lateral  ligament  to  different  parts  of  the  articular  surface  of  tbe 
iKmdyle*  i?,  the  groo%'e  ufwn  the  under  surface  of  tbe  condyle  of  the  femur,  which 
reoeivea  the  s«miluTiar  cartilage  in  complete  extension.  E^  the  binder  cut  etlge  of  the 
external  semilunar  cartilage. 

Fig.  1.  Tlio  same  bonee  placed  in  the  flexed  positittn.  The  cut  surface  of  the 
femur  has  acquiretl  &  slightly  oblique  direction  with  regard  to  that  of  the  tibia,  owing 
to  the  rotation  of  oue  bone  iipon  the  otber  which  accompanies  flexion.  The  hinder 
part  of  tbe  articular  facet  of  the  tibia  \b  in  contact  with  the  condyle  of  tbe  femur;  and 
the  stmiilunar  cartilage  {E)  m  pusbed  quite  upon  tbe  binder  edge  of  tbe  arttculxu*  facet. 
F,  ibe  »n tenor  crucial  ligament. 

Fig.  3.  Tbe  aatne  bones  ptaoed  in  the  extended  position.  The  slant  of  the  etit 
itufaoM,  with  regard  to  one  another,  ui  in  an  opposite  direction  to  what  it  was  in  the 
flexed  Mtftie^  and  the /ore  p«rt  of  the  articular  surface  of  the  tibia  is  in  contact  with  the 
femur. 
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entt  of  the  hiiraei^s,  tetween  tlie  points  of  attachment  of  the  late* 
ral  ligaments.  Accordingly,  if  the  movement  at  the  knee  were 
also  of  the  true  hinge  kind,  the  whole,  or  one  part,  of  the  articular 
surface  of  the  tibia  would  remain  applied  against  some  portion  of 
the  condyles  of  the  femur  m  the  flexed,  as  well  as  in  the  extended, 
position. 

But  an  examination  of  the  knee  in  ita  recent  state 

Tamijig  of  tibia.     _^^ 

upon  iueif  My  (PI.  XLVIL)  shews  that  the  part  of  the  tibia  which  is 
revoumo^uapon  i^^  coutact  with  the  condyles  of  the  femur  varies  ac- 
^dwte^oT''  cording  to  the  position  of  the  joint;  in  the  flexed  posi- 
tion (fig.  2)  it  is  the  hinder  part  of  the  articular  surface 
alone;  in  the  semiflexed  position  (fig,  1)  it  is  the  middle  part;  and 
in  the  extended  position  (fig,  3)  it  is  the  anterior  and  middle  part* 
To  effect  this  change  there  must  be  a  tiirmni/  of  the  tihm  upon 
a  transverse  ax^i's  drawn  through  its  own  upper  end,  in  addition  to 
the  revolntion  of  its  articular  surface  round  an  axis  drawn  through 
the  lower  end  of  the  femur. 

Secondly,  the  knee  differs  from  an  ordinary  hinge- 
joint  in  the  fact  that,  in  flexion  and  extension,  the  tibia 
does  not  perform  the  whole  revolution  round  one  axis  drawn  trans- 
versely through  the  lower  end  of  the  femur;  inasmuch  as  the 
revolving  movement  is  accompanied  by  a  slidut^  of  the  articular 
surface  of  the  tibia,  forwards  in  extension  and  backwards  in 
flexion;  and  the  axis  of  its  revolution  is,  therefore,  continually 
shifting.  Suppose  the  joint  to  be  flexed  as  in  fi^,  2;  when  exten- 
sion begins,  the  axis,  round  which  the  revolving  movement  of  the 
tibia  takes  place,  is  iu  the  back  part  of  the  condyle  (fig.  1,  j4)  ;  as  the 
movement  continnes  the  tibia  slides  forward  beneath  the  condyle, 
and  the  axis  upon  which  it  revolves,  in  like  manner,  travels  forward 
to  B  and  C;  and,  in  flexion,  a  retrograde  shifting  of  the  axis,  along 
the  same  line,  accompanies  the  sliding  back  of  the  tibia  to  its 
former  position. 

One  efiect  of  the  former  of  these  concomitants   of 

TUe  ciTect  of  the  ^       ,  _  ,  ^  •  /-    7         ♦!  •  * 

turning  of  the  Hexion  and  extension— the  turning  of  the  itoui  upon  Us 

^n^dne^  ^^^^  **^ — would  be  to  make  the  lower  end  of  the  tibia 

^'^'^^'^jj^*^  travel  througli  a  larger  segment  of  a  circle  than   the 

upper  end,  to  increase,  that  is  to  say,  tlie   range  of 


abifting  of  axU 
of  mc9tJoi:L 
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extension  and  flexion  of  the  lower  part  of  the  leg  in  greater  proj)or- 
tion  than  that  of  the  nppcr  part;  were  it  not  that  the  seaynd  con- 
comitant, viz.  the  altding  of  the  tibia  upon  the  femur,  would  t€nd 
to  produce  just  the  opposite  eflFect,  reducing  the  range  of  flexion 
and  extension  at  the  lower  part  of  the  leg  below  that  of  the 
ujiper;  and  it  appears  that  the  one  of  these  influences  about  coxm- 
terbalancea  the  other,  and  leaves  the  segment  of  the  circle  de- 
scribed by  the  foot  corresponding  Tiath  that  of  the  smaller  circle 
described  by  the  upper  end  of  the  tibia. 

Thirdly,  an  observation  of  the  disaected  joint,  when 

flexion  and  extension  are  made,  shewa  that,  in  addition 
JS'^nri^r'  ^^  ^^^  sliding  under  the  condyles  and  the  turning  upon 

its  own  transverse  axis,  the  tibia  undergoes  a  slight 
rotation  upon  a  vertical  ojcis^  outwards  during  extension  and  inwards 
during  flexion.  This  is  most  observed  in  the  nearly  extended  state 
of  the  joint,  that  is  to  say,  near  the  termination  of  extension  and 
also  at  the  commencement  of  flexion ;  and  it  gives  a  prominence  to 
the  head  of  the  fibula,  at  the  back  of  the  joint,  when  the  limb  is 
straight.  The  centre  of  this  motion  corresponds  with  a  nearly  ver- 
tical axis  draiiVTi  through  the  outer  condyles  of  the  tibia  and  femur 
near  their  middle.  It  is  more  correct  to  speak  of  it  as  a  rotation  of 
the  thigh  upon  the  leg,  than  of  the  leg  upon  the  thigh ;  because,  in 
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Fig.  f.  Dpper  Burface  of  head  of  left  tibia*  A,  inner  articular  facet.  B,  outer 
ditto.  C,  point  of  attachment  of  posterior  crucial  ligament.  D,  ditto  of  hinder  extrc- 
mitj  of  interna]  Beniiluuar  cartilage.  E,  ridge  to  wbich  hinder  extremity  of  external 
semilunar  cartilage  is  attached.  F,  foramina  for  vessela  in  front  of  Hpine.  G^  pointo 
of  attachmcut  of  anterior  extremity  of  external  e^tnilunar  cartilage.  If,  point  of 
attachment  of  anterior  crucial  ligament.  /,  ditto  of  anterior  extremity  of  intenuU 
Bemilunar  cartilage.     K  and  L,  internal  atid  external  tubercles  of  spine. 

Fig.  1.  VppcT  surface  of  head  of  tibia,  shewing  attachmentu  of  aemUuuar  car^ 
tikgea  and  crucial  ligaments.  The  patella  (P)  and  the  tendon  of  the  rectus  femoris  (J!) 
are  turned  dovm.  C,  the  posterior  crucial  ligament.  I),  the  posterior  extremity  of 
the  internal  semllitDar  cartilage.  £,  ditto  of  the  external  semiluiuu'  cartilage.  J^^ 
foramina  for  vessels.  G,  anterior  fibres  of  external  Rcmilunar  cartiUige.  ^,  anterior 
tnicial  ligament.  I,  anterior  jmrt  of  internal  aemilunar  cartilage.  M,  tnuisvenie 
ligament.  N,  mass  of  fat  beneath  ligjunentura  pmte^hc.  0,  roll  of  fat  ^urrrvundiiig 
edge  of  patella. 
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^H\e  nearly  extended  Btate  of  tlie  knee,  the  lower  part  of  the  ex- 
tremity is  generally  fixed  by  the  planting  of  the  foot  upon  the 
ground,  wliieh  prevents  any  rotation  of  the  leg  in  the  further 
straightening  of  the  joint.  One  effect  of  this  slight  rotation  of  the 
feinur  inwards,  in  the  nearly  extended  condition  of  the  lower  ex- 
tremity, is  to  produce  a  slight  relaxation  of  the  anterior  accessory 
ligament  of  the  Lip,  and  so  to  increase,  in  a  corresponding  degree, 
the  range  of  movement  of  that  joint. 

These  three  movements,  I  may  repeat,  are  all  ac- 
mipiii*tioii  of  companiments  of  flexion  and  extension ;  and  the  rotation 
MiSoa"***^  just  described,  as  occurring  in  the  nearly  extended  state 
of  the  joint,  must  not  be  confounded  with  the  more  free 
rofatton  of  the  leg,  also  upon  a  vertical  axw,  which  may  be  effected 
when  the  joint  is  bent  This  latter  variety  of  rottition  is  sometimes 
called  pronation  and  supmatmi  from  its  partial  similarity  to  that 
motion  in  the  forearm ;  and  these  terms  are  convenientj  inasmuch 
as  they  serve  to  distinguish  it  from  the  rotation  described  in  the 
last  paragraph.  But,  whereas,  in  the  instance  of  the  forearm,  one 
end  of  the  radius  revolver  round  the  ulna,  and  the  movement  is 
equally  free  in  every  position  of  the  elbow-joint,  in  the  case  of  the 
leg  the  tibia  and  fibula  revolve  together  upon  the  femur,  and  the 
movement  cannot  be  effected  at  all  in  the  extended  state  of  the 
joint.  It  begins  to  be  practicable  when  the  knee  k  bent  to  about 
an  angle  of  150^;  and  it  becomes  more  easy,  and  more  free,  as  the 
joint  becomes  more  bent.  The  axis  of  rotation  in  this  pronatory 
and  supinatory  movement  passes  through  the  spine  of  the  tibia 
nearer  to  the  inner  than  to  the  outer  articular  surface,  in  other 
words,  through  the  inner  tubercle  of  the  spine  of  the  tibia ;  and  the 
outer  condyle  of  that  bone,  consequently,  moves  in  the  segment  of 
a  larger  circle  than  does  the  inner  one. 

The  two  Articuhr  facets  upon  the  upper  surface  of 
^^\f*  >»r!,  the  tibia  resemble  one  another  in  being  almost  flat  and 
lortbv  ^f  oblong  shape  with  the  greatest  diameter  from  before 
backwards;  and  they  are  nearly  parallel.  The  tnt^r 
one  is,  however,  rather  longer,  rather  narrower,  and  rather  more 
concave;  and  its  inner  edge  rises  more  suddenly  into  the  inner 
tubercle  of  the  spine  (Ph  LIT.  fig.  1).     The  onter  facet  is  almost 
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flat.  It  is  sliglitly  concave  in  tfie  transverse  direction ;  Lut  it  is 
ylightly  convex  from  before  backwards  (PI  XLVIL),  inasinnch 
as  its  hinder  edge  is  rounded  off,  to  permit  the  semilunar  curtilage 
and  tlic  tendon  of  the  poplit^mis  to  slide  upon  it  when  the  joint  is 
bent,  and  its  anterior  edge  is  flattened  to  permit  the  semilunar 
cartilage  to  pass  forwards  iij>on  it  duruig  the  slight  rotation  that 
acxsompanies  complete  extension  of  the  joint.  It  rises  more  gradu- 
ally than  tlie  iimer  articular  facet  into  the  spine;  and  this  increases 
the  antero-posterior  convexity  of  it^  inner  jxart.  The  comparative 
flatness  of  the  outer  facet,  and  the  rounding  of  its  anterior  and 
posterior  edges,  permit  it  to  be  moved  forwards  and  backwards 
upon  the  femui*  in  the  pronation  and  supination  of  the  leg,  more 
easily  than  the  inner  articulating  facet.  This  corresponds  w^ith  the 
statement  just  made  that  the  centre  of  that  motion  is  nearer  to 
the  inner  than  to  the  outer  facet.  There  is  a  slight  depression  in 
each  facet  on  the  side  of  the  spine ;  the  cartilage  is  thickest  at 
this  pait;  it  is  particulai^ly  thick  on  tlie  outer  fac^t  {Ph  LII, 
fig.  1);  the  chief  weiglit  is  borne  liere  wlien  the  foot  is  planted  on 
the  ground ;  and  the  outer  condyle  of  tlie  femur  rotates  upon  this 
part  of  the  outer  facet  of  the  tibia  in  the  Ia.st  stage  of  extension. 

The  Spine  of  the  tibia  (PL  LII.),  called  also  the 
KPMBtMst^Ma  Emmentia  ifitermedia,  is  aitiutte  nearer  the  hinder  than 
iurfft^T^^  the  anterior  edge  of  the  upper  smface,  and  at  the  point 
where  the  two  articular  facets  api»roach  nearest  to  one 
another.  It  stands  up  into  the  intersal  between  the  condyles  of  the 
femur  so  as  to  prevent  lateral  displacement.  Its  tuner  (uhercle  {0) 
is  larger  and  rises  higher  and  more  abruptly  than  the  outer  (P),  and, 
consequently,  presents  a  larger  surface  of  contact  to  the  side  of  the 
inner  condyle  ;  this  is  probably  one  reason  that  displacement  of  the 
tibia  mwards  fiom  the  femux,  in  the  course  of  disease,  takes  place  so 
very  rarely,  in  compariflon  with  the  displacement  ow/wards.  Imme- 
diately in  front  of  the  spine  are  two  or  three  foramina  for  vessek 
(Ph  XL VIII.  F)  marking  the  spot  where  ossification  of  the  epi- 
physis commenced.  Between  the  two  tubercles,  ana  in  front  of  them, 
is  a  large  space  for  the  attachment  of  the  anterior  crucial  liga- 
ment (Ifjj  and  of  the  anterior  extremities  of  the  semilunar  cartilages 
(6f  and  /),  and  for  the  lodgement  of  the  fat  which  lies  at  the  fore 
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part  of  the  joint.     Beliincl  the  spine  is  a  smaller  space  for  the 
attachment  of  the  posterior  extremities  of  the  semilmiar  cartilages 
{D  and  E)  and  of  the  posterior  crucial  ligament  {C), 
sha    or  the  ^^^  Coiidyles  of  the  Jemurj  like  the  articular  facets 

oondjriM  of  the  on  the  tihia,  present  a  p^eneral  resemblance  to  one  an- 

femur.  , 

other.  They  are  oblong  from  before  backwards;  and 
their  under  surface  is  convex  from  before  backwards  and  from  side 
to  side.  They  are  separate  behind,  but  run  together  in  front, 
uniting  there  to  form  a  tror/dear  surface  upon  %vhich  the  patella 
plays.  The  antcro-posterior  curve  of  their  cartilaginous  surfaces 
is  by  no  means  uniform,  but  increases  in  sharpness  as  w^e  trace  it 
from  before  backwards.  The  under  parts  of  the  condyles,  upon 
which  the  weight  is  home,  in  the  erect  posture,  present  large  and 
comparatively  flat  surfaces  to  the  tibia ;  while  the  li index  parts, 
which  are  in  contact  with  the  tibia  in  the  flexed  position,  when 
there  cannot  be  much  weight  i-esting  upon  them,  are  round,  and 
present  surfaces  favourable  to  the  pronation  and  supination  of  the 
tibia. 

There  are  many  points  of  difference  between  the  two 
iwteaov^r^  condyics.  The  outer  is  directed  nearly  stniight,  from 
^^1^         behind,  fonvards;  if  it  presents  any  lateral  curvx*,  tlie 

convexity  is  directed  towards  the  other  condyle.  The 
inner  is  inclined,  from  l^liind,  obliquely  outwards  towards  th* 
outer  condyle,  with  which  its  articular  surface  becomes  blended  in 
the  trochlea ;  it  presents  a  distinct  lateral  curve  with  the  concavity 
towards  the  other  condyle.  Tins  concavity  receives  the  inner  tu- 
bercle of  the  spine  of  the  tibia,  and  revolves  round  it  in  the  slight 
rotatory  motion  that  occurs  during  the  last  stage  of  extension.  The 
outer  condyle  is  broad,  increases  io  %vidth  from  behind  fonvards,  is 
sharply  curved  from  before  backwards^  behind,  but  is  comparatively 
flat  upon  its  under  surface,  both  in  a  transverse,  and  in  an  antero- 
posterior direction ;  and  its  under  aurfece  is  inclined,  from  within, 
outwards  and  downwards,  in  adaptation  to  the  slope  of  the  extor* 
nal  articular  facet  of  tlie  tibia  (Ph  LIL  fig.  1).  The  inner  con- 
dyle is  narrower  than  the  outer ;  it  decreasea  in  width  from  behind 
forwards ;  its  under  surface  is  more  convex  transversely,  as  well  as 
antero-postcriorly;  and  its  hinder  part  is  less  sharply  curved  from 
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before  backwards^i,  bet  is  more  convex  from  side  to  side*,  Tlie  external 
margin  of  the  outer  condyle,  in  front,  is  more  prominent  than  the 
corresponding  part  of  the  inner  condyle;  which  is  for  the  purpose  of 
resisting  the  tendency  of  the  extensor  muscles  to  drag  the  patella 
outwards.  Indeed,  the  ont4?r  condyle  is,  in  front,  altogether  more 
prominent  than  the  inner,  and  itd  articular  siurface  has  a  wider 
sweep  J  whereas  the  reverse  is  tlie  case  behind,  the  inner  condyle 
being  there  more  prominent  and  forming  part  of  a  larger  circle. 

Just  behind  the  trochlea  each  of  the  condyles  is 

Ench  crossed  ,    •    »         ,  »  .        . 

rijftfaper-  cros.scd  by  a  miperhcial  Mtilffe  passing,  from  its  mter- 
condyloid  or  apposed  edge,  obliquely  outwards  and  for- 
wards. These  ridges  are  placed  In  front  of  superficial  Grooves 
(PL  XLYIL  B)  which  receive  the  interarticnlar  cartilages  when 
the  joint  is  extended.  They  mark  otf  the  part  of  the  joint  be- 
longing to  the  tibia  from  that  which  belongs  to  the  patella,  and 
they  ai'e  not  subject  to  much  pressure,  either  from  the  tibia  or  the 
patella ;  accordingly,  the  cartilage  is  thin  here,  and  we  not  nnfre- 
quently  find,  when  the  movements  of  the  joints  have  Ix^en  impeded 
by  disease^  that  the  cartilage  is,  at  this  part,  covered,  or  replaced, 
by  a  band  of  connective  tissue.  This  occurs  mostly  upon  the  inner 
condyle"*  The  ridge  and  groove  upon  the  inner  condyle  are  in  a 
plane  anterior  to  those  of  the  outer  condyle,  which  disposition  has 
relation  to  the  greater  prolongation  forwards  of  the  inner  articular 


*  The  comparative  flatness  of  tlie  binder  part  of  the  miter  condyle,  as  compared 
^^'ith  that  of  the  inneTf  in  &  tmnaverse  direction  (PI.  LII.),  favours  the  difference  in  the 
movement  of  the  two  articular  Burfacea  of  the  tibia  in  pronatioD  and  Hnpination  ;  inas- 
much as  the  outer  surface  alidcs  to  and  fro  upon  the  outur  condyle,  whereas  the  inner 
aurface  rotate*  upon  a  vertical  axia  drawn  through  the  outer  part  of  the  kmer  condyle. 

'  *'Id  cofiDwrtion  with  this  partial  division  of  the  synovhil  cavity,  by  meaos  of 
transverse  ridgea,  aided  by  the  Lif/am^^funi  adipfamtif  and  in  connection  also  with  tlie 
closer  relation  of  the  patella  to  the  Lmier  condyle  of  the  femur  in  the  lower  animals 
(mentioned  at  p.  48  3),  it  is  ioteresting  to  £nd  that  in  the  Omithoiyochus  Paradoxus 
the  knee-joint  is  divided  into  two  compartmenta  by  an  extenalon  of  the  ligamentum 
adipoBuin,  from  the  back  of  the  j>atella,  to  the  crucial  ligaments ;  there  being  one  syno- 
viaJ  cavity,  common  to  the  patella  and  anterior  part  of  the  femur  with  the  lnt^?mal 
condyles  of  the  femur  and  tibia,  whiah  contains  the  intenml  semilunar  cartilage  \  and 
a  second  common  to  the  external  condylea  of  the  femur  and  tihia  with  the  head  of  the 
fibula,  in  which  is  contained  the  external  semilunar  cartilagc/*-^Oi?o/oj/t*€  of  MttmHm 
«/  C'oW,  of  Snrffronti. 
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facet  of  tlie  tibia,  qb  well  as  to  tlie  slight  rotation  of  tlic  fcmm*  in- 
wardg  iJi  extension,  forasmucli  as  tliat  movement  cauives  the  inner 
facet  of  the  tibia  and  the  internal  semilunar  cartilage  to  advance, 
forwards,  beyond  the  level  of  the  corresponding  parts  on  the  outer 
Bide. 

It  is  in  the  strength  and  disposition  of  the  ligaments 
that  we  are  to  look  chiefly  for  the  agents  by  which  the 
movements  of  the  joint  are  detennined,  and  by  which  its  security 
is  provided  fon  Their  arrangement  is  soch  as  to  adapt  them  to  the 
peculiar  combinatiouB  of  movements  that  take  place  in  tliis  joint. 
Four  of  the  ligaments — the  two  *' lateral"  and  the  two  **  crucial'* — 
are  attached  to  the  condyles  in,  or  nearly  in,  a  line  with  the  axis 
round  which  the  tibia  revolves  during  a  considerable  part  of  the 
movement  of  flexion  and  extension ;  so  that  they  may  be  compared 
with  the  lateral  ligaments  of  true  hinge-joints;  and  they  are 
placed  one  on  either  side  of  each  condyle.  The  crucial  ligaments 
are  nearly  tense  in  eveiy  position  of  the  joint ;  and  tliey  assist  to 
regulate  and  limit  each  of  the  movements.  On  these  accountSj  as 
well  as  from  their  great  strength,  they  are  the  moat  important  of 
the  ligaments.  The  two  ^*  lateral  ligaments''  are  tense  only  in  one 
position ;  and  their  office  is  to  limit  extension  and  the  movements 
attendant  upon  it.  Herein  they  differ  from  the  lateral  ligaments 
of  the  elbow  and  other  true  hinge-jr>ints,  which  are  tight  in  every 
position  of  the  joint,  and  which  prevent  all  movements  except 
those  of  flexion  and  extension.  A  fifth  ligament — tlxe  "'  {K>sterior 
ligament'' — limits  extension  and  contributes  much  to  the  steadi- 
ness of  the  joint  in  that  position.  There  is  no  ligament  in  front 
of  the  joint,  and  none  which  has  the  direct  effect  of  limiting 
flexion ;  the  stop  to  this  movement  is,  under  ordinarj"  circum- 
stances, given  by  the  bulk  of  the  soft  parts  behind  the  joint,  be- 
fore either  of  the  ligaments  are  put  upon  the  stretch.  Besides  these 
ligaments,  there  are  the  " scmilunar-cartilagefi"  and  the  "synovial 
ligaments;"  the  office  of  whieli  is  not  so  much  to  limit  the  move- 
ments of  the  joint,  as  to  fill  up  the  interv^als  between  the  articular 
surfaces  of  the  bones  in  different  positions. 

Internal  ktend  '^'^^  Inlcnial  lateral  ligament  (PI.  XLIX.)  is  connect- 
Ugiwncnt  ^^^  above,  with  a  slight  depresi^ion  upon  the  ** tubercle'* 
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on  the  ineer  side  of  tlie  internal  condyle  of  the  femur,  and,  be- 
low, with  tlie  rough  ridge  which  descends  from  the  inner  side  of 
the  inner  condyle  of  the  tibia.  It  is  flat,  and  about  3^  inches  long; 
it«i  anterior  edge  (/))  is  thicker  and  more  defined  than  the  posterior 
(E),  which  is  continuous,  in  the  upper  part,  with  the  fibres  of  the 
"  posterior  ligament,"  It  is  closelj  applied  along  the  sides  of  both 
the  bones*  and  the  interai^icular  cartilage,  and  is  connected  with 
the  latter  and  with  the  tibia  by  fibrous  tissue,  so  that  it  accom- 
panies them  in  the  movements  of  the  joint.  It  is  free  from  the  side 
of  the  femur  below  the  point  of  its  attachment,  to  permit  the  lower 
part  of  the  condyle  to  slide  to  and  fro  beneath  it^. 
Externiu  Utend  ^^'^^  **tubercle'*  ou  the  external  condyle  of  the  femur 
Uffra&enL  presents,  on  its  elongated  posterior  edge,  which  forms 
the  anterior  boundary  of  the  groove  for  the  tendon  of  the  poplitoma 
muscle,  three  superficial  depressions.  The  upper  and  hindmost 
of  these  (PL  L.  A)  receives  some  of  the  tendinoiu^  fibres  of  the 


^  Except  joBt  beneath  the  head  of  the  ttbin,  where  the  incurvation  of  the  side  of  the 
bone  bftv«i  %  ipAce  between  it  and  the  ligament,  which  is  occiipied  by  fat,  luid  which 
tranamits  the  "infeiior  internal  artictikr  artery." 

'  A  PotteriQr  inttmal  hUeral  lufanieni  hii.<«  been  devcribed  paatdng  from  the  inner 
edge  of  the  tibia,  just  In  front  of  the  Jttmimem^rani:)tits  tendoa,  to  the  femur  behind  tb6rj 
iDtemal  lateral  tigamecit;  it  is  closely  ooDtiected  with  the  intt-TDol  BemilunaJ-  cartilage^  1 
and  ia  stretched  ia  extension. — Meyer,  m  Mtilkr*8  Archiv^  'S53,  e.  506.     It  maybe 
regarded  as  a  part  {F}  of  the  internal  lateral  ligament,  and  scarcely  deaervea  separate 
mention. 


DESCRIPTION  OF  PLATE  XLIX. 

Fig,  I,  loner  aide  of  lefl  knee-joint.  -4,  tendon  of  adductor  magnns,  B^  tendon 
of  gastrocnemiuB.  C^  internal  kteral  ligament.  These  are  attached,  near  together,  to 
the  internal  condyle  of  the  femur,  i?,  thick  dtifined  anterior  edge  uf  mteroal  lateral 
ligament.  £f  binder  fibres  of  the  same,  radiating  backwards  and  blended  with  poa*  I 
terit»r  ligament.  F,  a  portion  of  the  internal  ligament  ascending,  npwards  and  back* 
wards,  from  the  tibia  to  the  posterior  ligament ;  it  is  sometimes  called  the  poaterior 
internal  lateral  ligament.  Q,  tlie  semi-membranoua  tendon.  H,  detachment  of  latter 
paaaing  down  hinder  surface  of  tibia.  /,  fibrous  hand  which  connects  internal  semi- 
lunar cartilage  with  fore  part  of  head  of  tibia.  A",  tendon  of  rectus  femoris.  i,  tendti- 
patellie,  with  a  mass  of  fat  (iff)  between  it  and  head  of  tibia. 

Fig.  1.     Inner  Bide  of  knee-joint  bent.     A,  B,€,  D,  £\  F,  0,  A  the  same  as  in 
precfiding.     A',  the  posterior  ligament  thrown  into  fohk. 
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gastrocnemius^  the  lower  and  and  foremost  [€)  gives  attacliment 
to  the  tendon  of  the  poplitaus^  and  the  middle  one  {B)  gives 
attachment  to  the  Extm^nal  lateral  ligament  This  ligament  is  of 
cylindrical  shape,  and  2^  inches  long ;  it  is  attached,  below,  to  the 
depreasion  on  the  head  of  the  fibula,  which  is  just  external  to  the 
middle  of  its  articular  facet,  and  which  ia  partly  surrounded  by  the 
prominence  for  the  insertion  of  the  biceps  tendon.  The  points  of 
attachment  of  the  ligament  stand  out  more  wide  of  the  joint  than 
do  those  of  the  internal  lateral  ligament ;  and  it  is  separated  from 
the  joint,  from  the  iiiterarticular  cartilage,  and  from  the  head  of  the 
tibia,  by  an  interval  containing  fat  and  areolar  tissue.  The  tendon 
of  the  poplitmis  (C)  intervenes  between  it  and  the  lower  edge  of 
the  femur,  except  in  the  completely  flexed  state  of  the  joint,  when 
the  tendon  lies  along  its  own  groove,  Sume  of  the  fibres  of  the 
hic^s  tendon  pass  over  the  lower  part  of  the  ligament,  in  their 
course  to  the  fore  part  of  the  fibula  and  to  tlie  adjacent  part  of  the 
tibia.  The  tendon  is  closely  united  to  t!ie  ligament  by  tough  fibro- 
areolar  tissue,  so  as  to  exert  an  infiuence  in  giving  it  some  tension 
while  the  joint  is  being  bent. 

The  external  lateral  ligament,  therefore,  differs  from 
tw«n  the  two  th^  internal  in  the  following  respects.  It  is  of  rope- 
**ita!^'^  like  shape;  is  an  inch  shorter;  the  point  of  its  attach- 
ment to  tlie  fibula  is  higher  than  that  of  the  internal 
ligament  to  the  tibia  ;  and  its  point  of  tittncliment  to  the  condyle  of 
the  femur  is  a  little  lower  and  a  little  further  back*;  it  is  more  free 
from  the  joint ;  and  lias  no  direct  connection  either  with  the  head 
of  the  tibia  or  with  the  interarticuhir  cartilage. 

Both  lateral  ligaments  He  nearer  to  the  hinder  than  to 
the  fore  part  of  the  joint,  which  alone  is  sufficient  to 
make  them  tight  in  the  extended,  and  relaxed  in  the 
flexed,  position  of  the  knee.  The  relaxation  is  more 
marked  in  the  external  ligament  tlian  in  the  internal,  which  per- 
mits to  the  external  condyle  of  the  tibia  the  free  movement  required 


nieszternftl 
moftt  rolaied 
when  joint  is 
bent 


1  A  pair  of  compaisges  wUl  ah«w  thiw  at  once,  and  will  prove  that  the  swerp  of  tlie 
outer  condyle  round  the  point  of  attacljinent  of  the  external  lateral  lig&nient  ii  stualler 
— k  part  of  a  smaller  circle— than  that  of  the  inner  condyle  round  the  corresponding 
point  of  Attaohmont  of  the  internal  Interal  ligament. 
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for  its  revolution  round  the  iutemal  condyle  in  pronation  and  supi- 
nation of  the  leg  (page  527). 

Axu  of  flexion  The  point  of  attacliment  of  each  lateral  ligament  to 

oftM*i8tb^  its  condyle  representa,  nearly,  the  centre  around  which 
i*«i«*-  the  correeponding  articular  facet  of  the  tihia  revolves 

during  a  part  of  the  movement  of  flexion  and  extension  of  the 
knee;  and  a  line  drawn  between  the  points  of  attachment  of  the 
two  ligaments  represents  the  axis  of  motion  of  the  tibia.  This 
line  is  oblique,  in  consequence  of  the  point  of  attachment  of  the 
external  ligament  being  a  little  lower  and  more  backward  than 
that  of  the  internal  ligameiit*  The  direction  in  which  the  move^ 
ment  taken  place  is,  therefore,  also  oblique,  Tlie  arrangement  is 
such  that  the  jdane  w^hich  is  occupied  by  the  tibia  in  the  most 
bent  position  of  the  knee  about  corresponds  with  tliat  of  the  femur; 
that  is  to  say,  it  slants  obliquely  upwards  and  outwards,  and  the 
leg  18  folded  np  against  the  thigh*  This  also  accords  with  the  fact 
tliat  the  liioder  part  of  the  external  condyle  is  smaller  than  that 
of  the  internal — i,  e,  forms  a  segment  of  a  smaller  circle.  When, 
however,  the  knee  is  extended,  the  upper  surface  of  the  tibia  comes 
into  contact  with  the  under  part  of  the  femur,  where  the  surfaces 
of  the  two  condyles  are  on  the  same  horizontal  level ;  and  the  plane 
in  which  the  leg  is  then  placed  ie  perpendicular  to  the  ground, 
though  oblique  with  regard  to  the  thigh.  In  the  extended  position, 
therefore,  each  leg  is  vertical,  and  in  a  plane,  parallel  w^ith  that  of 
the  opposite  leg,  but  oblique  wnth  regard  to  that  of  the  thigh ;  in 
the  flexed  position,  it  is  in  the  same  plane  with  the  thigh,  but  is 


DESCRIPTION  OF  PLATE  L. 

Outer  side  of  left  knee-joint  extended*  A,  point  of  ftttaohment  of  gaattxKitiemitis, 
Sj  external  lateral  ligament.  C,  poplitEcus.  D^  external  semlltinar  cArtilage,  faaving 
no  dtHtinct  fibroui  oonnecMon  with  fore  part  of  head  of  tibia.  E,  biceps  tendon 
attached  to  bead  of  tibia  j  it  hafl  been  separated  from  top  of  fibula  {F)  and  tumod 
down.     Oj  tendo-patellse. 

The  Bame  bent.  A^  B,  t^  D,  E,  F^  G^  the  same  as  in  preceding.  H^  fibroun 
tisaue  connectliig  external  uemilunar  cartilage  with  popliteua.  The  external  lateral 
ligament  \&  relaxed ;  and  the  setnOunar  cartilage,  foIlowiDg  the  femur,  baa  leH  tbe  fore 
part  of  the  articular  surface  of  the  tibia. 
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oblique  -^vith  regard  to  the  opposite  leg;  and  tlie  line  of  its  move- 
ment from  one  position  to  the  other  is  oblique  both  with  regard  to 
the  thigh  and  to  the  opposite  leg. 

Knodsknee  This,  at  least,  IB  the  case  in  the  natural  condition  of  the 

and  Undying;  Jcnee,  when  the  condyles  of  the  femur  retain  their  proper 
forai  and  relative  size.  Suppo«ie,  however,  that  the  whole  surface  of  the 
outer  condyle  has  not  descended  to  the  same  level  with  tlmt  of  the 
inner  condyle  (p,  476),  or,  which  is  no  uncommon  thing,  has  been 
flattened  1>y  the  weight  of  the  body ;  then,  although  the  leg  may  occupy 
its  natural  position  when  the  knee  is  bent,  it  will,  duiing  extenaion, 
slant  more  outwardly,  instead  of  becoming  vertical,  and  will  attain  its 
greatest  obliquity  when  the  joint  is  straight.  This  is  what  occurs  in 
cases  of  **  knock-knee/'  In  **  bandy-leg'*  the  slant  of  the  leg  is  in  the 
opp>8ite  direction,  in  consequence  of  tho  relative  shortness  of  the  inter- 
nal condyle. 

^  If  the  relations  of  the  various  parts  of  the  articular 

lat^^raiuga-  surfacc  of  either  condyle  with  the  axial  line,  or,  what 
is  the  same  thing,  witli  the  point  of  attachment  of  its 
lateral  ligament,  (PL  XLVIL  fig,  1,  A),  be  examined,  by  means 
of  lines  drawn  from  that  point  to  the  surface,  it  will  be  found  that 
the  hindermost  extremity  of  the  condyle  approaches  nearest  to  it 
(as  indicated  by  the  line  -41);  accordingly  when  the  tibia  is  brought 
into  contact  with  this  part  (as  in  fig.  2)  the  distance  between  the 
points  of  attachment  of  the  lateral  ligament  is  diminished,  and  the 
ligament  is  relaxed.  It  is  still  further  relaxed,  in  this  position,  by 
the  fact  of  its  being  the  hinder  part  of  the  tibial  facet  which  is 
now  in  contact  with  the  femur.  The  distance  of  the  articular 
surface  of  the  condyle  from  the  point  indicated  as  the  axial  line 
increases  as  we  trace  it  forwards;  quickly  at  first,  till  we  reach  the 
most  prominent  posterior  point  of  the  condyle  (2),  then  slowly, 
till  we  come  to  a  point  (3)  which  is  situated  nearly  vertically 
beneath  the  attachment  of  the  ligament  to  the  femur  in  the  straight 
position  of  the  limb.  After  this  the  distance  again  increases,  more 
quickly,  to  the  point  indicated  by  fig,  4.  It  follows,  accord- 
ingly, that  as,  during  the  extension  of  the  joint,  the  tibia  glides 
beneath  the  lines  A  2,  A  3,  and^  4^  the  lateral  ligaments  gradually 
become  tense.     The  tension  is  aLio  increased  by  the  slight  turning 
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of  tlie  tibia  upon  a  transvei-se  axis,  which  accompanies  extension ; 
and,  in  the  case  of  the  external  lateral  ligament,  by  the  rotation  of 
tlie  til>ia  upon  a  vertical  axis,  wliieh  occurs  in  the  last  stage  of 
extension.  Hence  the  ligaments  are  quite  relaxed  in 
the  bent  position  of  the  joint ;  and  do  not  interfere  with 
its  rotatory  or  other  movements  ;  as  extension  proceeds 
tliey  are  gradually  tightened,  and  finally  Lccome  quite  tense, 
holding  the  articular  surfaces  firmly  together*  In  the 
straight  position  tlicy  resist  additional  extetmon  by  not 
permitting  the  tibia  to  slide  upon  the  condyles  to  a  point  more 
distant  from  their  attachment  to  tlie  femur ;  they  resist  additional 
widttiraing  t^iniiufj  of  the  tibia  upon  a  transverse  axis  by  not  allow- 
oftiM*,  iiig  any  fiirther  separation  of  the  hinder  part  of  the  arti- 

cular facets  of  the  tibia  from  the  femur;  and  they  resist  any  further 
rofation  of  the  tibia  outwards  upon  a  vertical  axis  by 
the  direction  which  they  have  now  assnraedj  the  outer 
one  (PL  L.  fig,  1)  slanting  backwards  from  its  condyle  to  the 
fibula,  while  the  inner  (Ph  XLIX.  fig.  1}  slants  a  little  forwards 
to  the  tibia, 

Kjtternfti  laie-  ^^  ^^  somc  times  Stated  that  the  external  lateral  hga- 

^*^***n^t  ^^^^  limits  pronation  and  supination  of  the  leg,  by 
pronfttioDor  checking  the  play  to-and-fro  of  the  fibula  and  of  the 
outer  condyle  ot  tlie  tibia  which  take  place  in  that 
movement;  but  this  is  not  the  case,  forj  when  the  joint  is  suffi- 
ciently bent  to  permit  pronation  and  supination  of  the  leg,  the 
ligament  is  too  much  relaxed  to  exert  any  restraining  influence; 
and  after  it  has  been  cut  the  movement  is  quite  as  restricted  as  it 
was  before,  being,  in  reality,  limited,  as  we  shall  find,  by  the  crucial 
ligaments, 

pMtciioru^a'  The  Fosieriar  ligament  of  the  knee-joint  (PL  LL 
^^^  fig.  2)  is  so  closely  united  with  tlie  surrounding  tendons 

that  it  is  difficult  to  define  its  precise  limits.  Below%  it  is  connected, 
in  tlie  middle,  with  the  head  of  the  tibia,  just  behind  the  posterior 
crucial  ligament;  on  the  outer  side,  it  is  connected  with  the 
popliiwm  muscle  (F),  and,  on  the  inner  side,  with  the  semimem- 
hranoms  tendon  [B).  Above,  it  is  connected,  in  the  middle,  with 
the  poplitieal  space  of  the  femur,  and,  on  either  side,  with  the  heads 
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of  tlie  gaMrocmmii  (Cand  E),  It  is  composed  of  crossing  and 
interlacing  libres,  with  large  orifices  between  them  for  the  passage 
of  the  posterior  articular  vessels.  A  strong  band  (^),  passing  from 
the  $emimembranosus  tendon,  obliquely  upwards  and  outwards,  to 
the  outer  head  of  the  ffostrocmmius  (C),  forms  the  hinder  layer 
of  the  ligament;  sometimes,  indeed,  it  is  the  chief  constituent. 
Where  this  band  joins  the  gastrocnemius,  upon  the  outer  condyle 
of  the  feniUTj  is,  commonly,  a  thick  mass  of  fibrous  tissue ;  and, 
sometimes,  a  sesamoid  bone  [D)  is  here  developed ^  The  pos- 
terior ligament  strengthens  the  back  of  the  knee-joint,  is  tightened 
during  extension,  and  assists  the  other  ligaments  in  limiting  that 
movement.  Its  connection  with  the  various  adjacent  flexor  mus- 
cles serv^es  to  bind  them  together,  and  to  ensure  that  its  own  fibres, 
and  the  contiguous  glands  and  other  structures,  are  kept  from  being 
caught  between  the  articular  suriacea  when  the  knee  is  bent. 

This  ligament  presents  an  obstacle  to  the  eruption^  into  the  syno- 
vial cavity,  of  abscesses  forming  in  the  ham.  It  is  liable  to  become 
contractetl  in  consequence  of  disease,  or  from  other  cause;  and  it  may 
thus  prevent  extension  of  the  joint  after  the  disease  has  subsided.  I 
have  known  it  to  be  torn,  and  rent  away  from  the  femur,  by  forcible 
attempts  to  straighten  a  limb  under  these  circumstanees. 

(^1^,^  The  Crucial  ligaments  are  situated,  in  great  measure, 

**«*''*^*^  out  of  sight.  Like  the  ligamentum  teres  of  the  hip, 
they  have  been  the  subject  of  much  discussion  ;  and  very  convicting 
accounts  of  their  use  have  been  given  by  different  anatomists. 
Weber's*  description  is,  on  the  whole,  more  accurate  than  any 
other.  The  following  account  is  derived  from  careful  examina- 
tions of  the  joint,  dissected,  and  prepared  in  various  ways  for  the 
purpose. 

The  Anterior  crucial  liqament  is  connected,  beJow* 
with  the  fore  part  of  the  inner  tubercle  of  the  spine  of 


^  A  aesaznoid  bone,  in  the  origin  of  the  o]Ltenml  portion  of  the  gaetrocnemlYiit,  waa 
noticed  by  VeaaliuB,  Lib.  t,  cap,  38  imd  30,  i.  Tbero  is  one  of  conaidembtc  size  in 
the  bare  (CAmbridge  Muieiim). 

^  Gehwerheugr,  8.  184. 
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the  tibia,  and  witli  an  oblong  eminence,  or  rou^h  j^jmce,  continued 
forwards,  from  the  spine,  alongside  the  margin  of  the  inner  artieiilar 
facet,  (PL  XL\aiL  //;  and  LI.  B.)  Its  fibres  here  lie  between 
the  fibres  of  insertion  of  the  anterior  extremity  of  the  external 
semi-lunar  cartilage,  which  splits  to  make  way  for  it.  From  this 
point  the  ligament  passes  obliquely,  upwards,  ba^jkwarda,  and  out- 
wards, to  the  hinder  part  of  the  inner  side  of  the  external  condyle 
of  the  femur,  and  is  inserted  into  a  nearly  perpendicular  line  along 
the  side  of  the  ascending  articular  fiicet  of  the  condyle.  Its  com- 
ponent fibres  do  not  run  in  ]jarallel  Unes.  Those  which  pass  from 
the  foremost  point  of  the  tibia  ascend  to  the  highest  point  of  the 
line  on  the  condyle,  and  are,  consequently ,  the  longest  (PI.  LII. 
figs.  2  and  3  (?);  they  are  ako  the  strongest.  The  fibres  (if), 
which  arise  from  tlie  lowest  point  of  the  condyle,  are  shorter  and 
more  oblique,  inasmuch  as  they  cross  behind  the  others  to  reach 
the  spine  of  the  tibia,  and  are  inserted  close  to  it.  We  shall  find 
it  convenient  to  call  these  the  *' short  fibres*^  of  the  anterior  crucial 
ligament,  to  distinguish  them  from  the  others  or  *4ong  fibres." 
rwutii  dtipkce-  ^^^  obrious  usc  of  the  anterior  crucial  ligament  is 
inentof  ubtA     ^q  preyeut  the  tibia  from  beiue;  earned  too  far  forwards 

forwiiraj  ftnd  * 

iimim  exten-  upou  the  femur,  either  by  the  pull  of  the  extensor 
muscles  or  by  any  external  force ;  and  it  does  this,  more 
or  less,  in  all  positions  of  the  joint.  In  the  extended  position, 
when  its  services  are  most  needed,  all  its  fibres,  the  **iong"  as  well 
as  the  ** short,"  are  put  upon  the  stretch,  and  they  all  combine  to 
resist  any  further  extension  as  well  as  any  further  sliding  forward 
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DESCBIPTION  OF  PLATE  LI. 

Fig.  1*  Anterior  view  of  l«ft  knee-joint  bent.  At  poaterior  crucial  ligamont-  B, 
Ulterior  ditto.  Cj  mtemaj  semilunar  cartilnge.  D,  externa!  ditto.  E^  externiil 
Ubtenl  l^unflnt  rebuced.  F,  tendon  of  biceps  running  forwards  to  tibin.  tietween  (/) 
upper  and  (K)  lower  portioua  of  anterior  peroneo* tibial  ligament.  G,  tendo-patellie 
turned  down.     ^,  tendon  of  ptiplitoL'Ud, 

Fig.  'I.  Left  knee-joint  extended^  seen  from  behind.  A,  ligamentam  posticum; 
tbe  IliiokeBt  portion  of  it  aneendfi  from  {B}  the  Bemlmembranosufl  to  {U}  the  outer 
head  of  gawtrocnemiuH ;  2>,  »  aesamuid  bono  at  its  junction  with  the  latter.  jF^  inner 
head  of  gaatrocnemioaj  alflo  connected  with  hg.  post.  F,  poplitisuA  musclej  raised  a 
little  to  shew  (G)  the  posterior  peroneo -tibial  ligament,     ffj  external  1 
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of  the  tibia  upon  the  femur*  Indeed  tliey  would  not  permit  the 
extension  and  sliding  movement  to  go  quite  so  far  as  they  do,  if 
the  fibres  were  not  a  little  relaxed  by  the  accompanying  rotation  of 
the  tibia  outwards.  When  the  joint  is  bent  the  fibres  of  the  liga- 
ment gradiuilly  become  somewhat  relaxed,  first  the  "short''  fibres 
and  then  the  "long;''  but  the  relaxation  of  the  latter  is  very  slight. 
It  h  necessary  to  tlie  promition  of  the  leg  that  the 
ligament  should  be  a  little  relaxed;  for  when  it  is  on 
the  stretch  the  disposition  of  its  fibres,  particularly  of  its  *'  short '* 
fibres,  is  such  as  entirely  to  prevent  that  movement ;  accordingly, 
in  the  extended  position,  the  fibres  of  the  anterior  crucial  ligament 
combine  with  the  lateral  ligaments  to  resist  pronation  as  well  as 
any  furtlier  extension  of  the  leg,  Dm-ing  flexion,  the  fibres  being 
somewhat  relaxed,  pronation,  within  a  certain  range,  is  permitted; 
and  the  range  is  increased  with  the  flexion  of  the  joint,  because 
the  fibres  of  the  ligament  are  more  and  more  relaxed.  The 
relaxation,  however,  under  any  circumstances,  as  just  stated,  is 
but  slight,  and,  in  all  jKJsitions  of  the  joint,  the  extent  to  which 
pronation  can  be  carried  is  limited  by  this  ligament, 
ukepiBcwij  ^^  *^  essential,  therefore,  to   the  movements  of  the 

^JJI**!*^  knee  that  the  anterior  crucial  ligament  should  be 
ikejoiBt,  somewhat  relaxed  in  the  fl.exed  condition ;  it  is  essential, 
also,  to  the  proper  limitation  of  these  movements,  and  to  the 
security  of  the  joint,  that  that  relaxation  should  be  slight ;  and  it 
is  by  the  i>eculiar  combination  of  movements  which  takes  place 
that  the  requisite  condition  of  the  ligament  is  maintained.  For 
theae  oombined  movements  have,  to  a  certain  extent,  the  effect 
of  neutralizing  each  other's  influence  upon  the  ligament,  in  the 
following  manner.  The  flexion,  and  the  attendant  sliding  back,  of 
the  tibia  upon  the  femur  would  approximate  the  anterior  inter- 
articular  space  of  the  former  to  the  hinder  part  of  the  condyle  of 
the  latter ;  that  is  to  aay,  would  approximate  the  points  of  attach- 
ment of  the  anterior  crucial  ligament,  and  would,  consequently, 
relax  it;  but  the  other  movement  which  takes  place  at  the  same 
time — the  turning  of  the  tibia  upon  a  transverse  axis  (page  525) — 
would  have  the  contrary  effect,  and,  by  distancing  the  points  of 
attachment  of  the  ligament,  would  increase  its  tension.     So  nicely 
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of  the  tibia  (PI  XLVIIL  C),  where  it  is  separated  from  the  hinder 
suifftce  of  the  spines  by  the  posterior  extremities  of  the  seniihinar 
cartilages  (/>  iind  E)^  upwards,  forwards,  and  inwards,  to  the  inner 
surface  of  the  internal  condyle  of  the  femur  {Ph  LI,  fig.  1  A),  It 
is  spread  out,  fan-like,  as  it  ascends*,  and  is  attached  along  nearly 
tlie  whole  extent  of  the  condyle,  ju^t  above  the  edge  of  the  articular 
surface,  from  the  jmiction  with  the  external  condyle  to  within  a 
quarter  of  an  inch  of  the  hinder  border.  Its  outermost  fibres  (PL 
LIIL  //) — those  which  arise  nearest  to  the  extenja!  articular  facet 
of  the  tibia — pa^?8  to  the  fore  part  of  the  condyle,  and  are  longer 
than  the  innermost  fibres  (O)  which  pass,  from  near  the  inner  arti- 
cubir  facet  of  the  tibia,  to  tlie  liinder  part  of  the  condyle.  In  the 
extended  position  there  is  very  little  crossing  of  the  component 
fibres.  They  all  radiate,  frcun  their  origin  on  the  tibia,  to  their  hi- 
sertion  into  the  femur;  but,  during  flexion,  the  condyle  of  the  femur 
revolves,  so  that  its  hinder  part,  to  which  the  **  short*'  fibres  are 
attached,  is  carried  forvvards,  first  beneath,  and  then  to  the  front  of, 
the  anterior  part,  to  which  the  "  lon*r*'  fibres  are  attaclied.  The  rela- 
tive position  of  the  fibres  of  the  ligament  is  therefore  altered  durhig 
the  movement ;  the  upper  end  of  the  **  short"  fibres  is  carried  for- 
wards, so  that,  when  the  knee  is  at  an  angle  of  about  130*^,  they  are 
pftrallel  with,  and  on  the  inner  side,  of  the  ''  long"  fibres,  and,  as  the 
flexure  Is  increased,  they  cro^s  them,  and  are  carried  on  quite  in 
front  of  them.  During  extension  they  again  return,  by  the  inner 
side  of  the  ''  long"  fibres,  to  their  former  position. 

The  olivious  use  of  the  posterior  crucial  ligament 
iBMt«riitiUi  is  to  prevent  displacement  of  tlie  tibia  backicards.  it 
is  stronger  than  the  anterior  crucial  ligament;  and  it 
needs  to  be  »o,  because  the  flexor  muscles,  which  tend  to  pro- 
duce this  displacement,  have  a  more  direct  and  powerful  influence 
upon  the  tibia  than  have  the  exten.sor  muscles,  whicli  tend  to 
draw  tlie  bone  forwards.  The  influence  of  the  flexoi^s  is  greatest 
when  the  knee  is  bent,  and  the  various  other  causes  which  would 
operate  to  thrust  the  tibia  backwards,  act  with  greatest  advantage 
in  that  position;  and,  for  the  purpose  of  oflcring  the  most  ef- 
fectual resistance,  all  the  fibres  of  the  ligament  are  rendered  tense 
by  flexion,  and  are  placed  by  it  in  the  most  favourable  direction 


THE  jniXTR  OF  THE   LOWER  EXTPJ^MITY. 


543 


the  knee  is  quite  straiglit*  In  the  firi^t  Bt^gc  of  flexion^  the  liga- 
inent  is  a  little  relaxed,  and  mme  supination  may  be  effected;  and 
when  the  joint  is  bent,  the  movement  i^  more  free,  although  the 
ligament  is  then  tight,  because  the  spine  of  the  tibia  is  notj  in  this 
position,  80  closely  applied  against  the  surface  of  the  condyle,  and 
because  the  inner  articular  surface  of  tlie  tibia  revolves,  upon  the 
ball-like  hinder  part  of  the  condyle,  on  an  axis  which  nearly  cor- 
responds with  the  ligament. 

Is  nearly  icnse  ^^  ^^  therefore  Cf^sential   to  the  movements  of  the 

U)  »u  po.itioiui  piiit  that  the  fibres  of  this  ligament,  like  th«.ise  of  the 
anterior  crucial  ligament,  should  be  somewhat  relaxed  in 
certain  positions  of  the  joint ;  and  it  is  also  essential  to  the  proper 
limitation  of  the  movements,  and  to  the  security  of  the  joint,  that 
the  relaxation  sliould  be  sliii^lit ;  and^  in  this  instance,  as  in  the 
case  of  the  anterior  crucial  ligament,  the  requisite  condition  is 
maintained  by  the  counteracting  influences  which  the  simultaneous 
movements  of  the  joint  exert  upon  the  ligament,  Tlius,  in  extension, 
when  the  sliding  of  the  tibia  forwards,  by  approximating  the  hinder 
edge  of  the  tibia  to  the  fore  part  of  the  condyle  of  the  femur,  tends 
to  relax  the  fibres,  so,  in  nearly  the  same  proportion,  does  the  dis- 
tancing of  the  Iiinder  edge  of  the  tibia  fi^oni  the  condyle,  by  the 
concomitant  turning  of  the  bone  upon  a  transverse  axis,  tend  to 
maintain  tlie  tension  of  the  ligament ;  it  does  this  enough  to  give 
steadiness  to  the  joint,  and  to  limit  its  movements,  though  not 
enough  to  prevent  the  latter  altogether. 

The  proper  combination  of  movements  in  the  knee 
not  only  maintains  that  condition  of  the  crucial  liga- 
ments which  ia  requisite  for  the  play  and  security  of  the 
joint,  and  proves,  in  this  way,  a  cause  of  the  efficiency 
of  tlie  ligaments;  but  it  may  be  regarded  also  as  a 
necessaiy  consequence  of  the  manner  in  which  those 
ligaments  are  arranged*  For  instance,  owing  to  the  disposition 
of  the  anterior  crucial  ligament,  flexion,  and  turning  of  the  tibia 
on  a  ti'ansverse  axis,  could  not  take  place  without  being  accom- 
panied by  the  sliding  of  the  tibia  backwards;  and,  owing  to  the 
disposition  of  the  posterior  crucial  ligament,  the  sliding  of  the  tibia 
backwards,  in  flexion,  could  not  take  place  without  the  attendant 
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turning  of  the  tibiiu  Again,  the  posterior  crucial  ligament  re- 
quires the  sliding  forward  of  tlie  tibia  to  be  an  attendant  on  exten- 
sion J  and  the  anterior  crucial  ligament  does  not  permit  the  slid- 
ing movement  to  take  place  unless  it  be  accompanied  by  the  tuni- 
ing  of  the  tibia  upon  a  transverse  axis,  and  a  slight  rotation  of 
the  same  bone  upon  a  vertical  axis  (page  526).  It  is  evident, 
therefore,  that  the  ligaments  and  the  articular  surfaoefl  bear  such 
relation  to  each  other  in  their  constniction,  that  the  proper  tension 
of  the  former,  and  the  proper  movements  of  the  latter,  are  mutually 
dependent.  The  crucial  ligaments  possess  all  the  advantages  of 
the  lateral  ligaments  of  an  ordinary  liingc-joint,  inasmuch  as  they 
maintain  a  uniform,  or  nearly  unifurnij  tension  in  all  positions  of  the 
joint  J  and  possess  tlie  additional  advantage  of  not  restricting  tlie 
movements  to  those  of  flexion  and  extension  \ 

The  lulerarficuhir  Jihro-curttlages,  called  also  the 
wMuiUanftT  Semilunar  curtna/je^,  aie  appendages  to  the  tibia,  being 
^  comiected  witli  it  by  both  their  extreniitiea  and  accom- 
panying it  in  its  chief  movements  upon  the  femur.  They  are 
bands  of  fibro-cartilage  curved  so  n^  to  be  adapted  to  the  shape  of 
the  aiticular  facets  between  which  they  are  intei*posed.     Their  con- 


^  Ejcainkiitig  the  UDdiaaeoted  kuw-joinU  of  a  male  adult  subject,  I  found  the  ten- 
sion of  the  anterior  orueiai  ligament  not  decidedly  affected  bj  poBitioQ  :— onlj  a  little 
diminished  by  fiexlon»  Tbe  posterior  cmcial  ligament  wai  tigbi  when  the  joint  was 
eacteudedj  a  little  relaxed  in  BcmiBexion,  aud  agfiiu  tight  in  the  completely  bent  state. 
Division  of  either  ligament  alone  made  viry  little  ditFc^rence  to  tiie  joint],  except  tbat^ 
in  ike  extended  po«itioB|  it  waa  ratber  less  firm  after  the  posterior  crudal  ligunent  bad 
been  cut,  in  conacqiieuce  of  the  back  part  of  thu  tibia  not  being  held  bo  liriuly  to  the 
femur.  When  both  ligaments  were  cut  there  waa,  in  addition,  preternatural  loose- 
DASS  of  the  joint  in  the  Beited  position ;  the  tibia  could  be  mo  veil  backwards  and 
forwards  upon  the  femur,  as  well  as  rotated  more  freely,  but  lateral  diiplacement  was 
Still  prevented  by  tbe  projecting  spine  of  the  tibia,  aided  by  the  lateral!  Ligaments  and 
other  soft  parts.  I  did  not  Hud  that  the  crucial  ligaments  were  tightened  alternately, 
tbe  posterior  in  flexion,  and  the  anterior  in  extension,  a*  stated  by  Wel>er,  Gchwrrk- 
zeuffe,  e.  185 ;  but  that  some  fibres  of  each  were  tense^  or  nearly  teuse,  in  all  positions. 

Dr.  Siarkj  Ed.  Mtd.  and  Surg.  Jaurft^lj  LZXIY.  bas  relutt;d  two  cases  of 
*' rupture  of  tbe  crucial  ligaments."  In  each  the  accident  was  attended  with  an 
audible  snap,  and  tbe  patient  lost  the  power  of  supporting  the  Imdy  on  the  limb,  in 
ooDSsqaence  of  the  kuoe-joint  bending  backwards »  The  recovery  was  »low,  though 
nearly  complete.  Tlie  exact  nature  of  the  injury  could  not,  of  course,  be  oertain  in 
thoM  cuss ;  it  must  havs  inyolved  some  stretching,  at  least,  of  the  lateral  and  posterior 
Ugmxnsnti,  if  tbe  b^ndin^  backwards  took  pUu»  to  any  great  extent* 
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vex  edges  are  tliick,  and  muted  to  the  synovial  membrane  and  sur- 
roimdiiig  tissues ;  their  inner  edges  are  tkin  and  free ;  their  under 
surfaces  are  comparatively  flat  to  reat  upon  the  facets  of  tlie  tibia ; 
their  upper  surfaces  are  concave  to  receive  the  condyles  of  the 
femur.  Tliey  are  thickest  and  deepest  at  their  hinder  part^,  and 
gradually  become  tli inner  and  narrower  as  they  pass  forwards. 
Li  the  greater  part  of  their  extent  their  structiu-e  is  very  compact 
and  gristly;  near  their  extremities  it  becomes  looser  and  more 
fibrous. 

The  Internal  semilunar  curtilage   (Plate   XLVIII.) 

is  attached,  behind  (I?),  to  a  short  oblique  ridge,  whicli 
runs  from  the  inner  tubercle  of  the  spine  of  the  tibia^  backwards 
and  outwards,  to  the  outer  articular  facet;  also  to  the  space  im- 
mediately beliiuJ  the  ridge,  between  it  and  the  posterior  crucial 
ligament  {(7).  Anteriorly  (/),  it  is  attached  to  an  eminence  be- 
tween the  articular  facets,  in  front  of  the  anterior  crucial  ligament 
(H),  Its  extremities  are,  therefore,  separated  by  a  considerable 
interval,  in  which  are  situated  tlie  tubercles  of  the  spine  (A"  and  £), 
the  two  extremities  of  the  external  semilunar  cartilage  (G  and  E), 
and  the  anterior  crucial  ligament  (H),  Its  thick  convex  edge  is 
connected  with  the  synovial  membrane,  with  the  internal  lateral 
ligament,  and  with  the  tendon  of  the  semimembranosus  muscle 
(PLXLIX. /;  Lll.fig.  1,  2>). 

The  Extenml  semilunar  cartilage  (Plate  XL VIII,) 

is  small  and  much  more  sharply  curv^ed  than  the  inter- 
nal, forming  almost  a  complete  circle.  It  is  attached,  Ijchind  (£), 
to  the  hinder  edge  of  the  outer  '^  tubercle  ^'  of  the  spine  of  the 
tibia,  and  sends  a  prolongation  inwards,  along  the  front  of  the 
ridge  to  whicli  the  inner  semilunar  cartilage  {D)  is  attached,  as 
far  as  the  inner  tubercle  of  tlie  spine  (Jv),  In  front  of  this  pro- 
longation it  is  separated  from  the  anterior  crucial  ligament  [H)  by 
loose  areolar  tissue,  and  by  vessels  passing  into  the  foramina  of  the 
bone  (F).  Anteriorly  (ff),  the  external  semilunar  cartilage  i.^ 
attached  to  tlie  tibia,  just  in  front  of  the  outer  tubercle  (i)  of  the 
spine,  its  fibres  passing  beneath  those  of  the  anterior  crucial  liga- 
ment {H).  One  narrow  strip,  detached  from  the  rest,  runs  in  front 
of  this  ligament  and  separates  it   from  tlie  extremity  (/)  of  the 
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mtemal  aemiluimr  cartilage*  The  external  semilunar  cartilage  is 
less  closely  connected  with  surrounding  tissues  tlian  the  internal, 
and,  consequently,  slides  more  freely  than  it  upon  the  articukr  facet 
of  the  tibia,  the  flatness  of  which  is  favourable  to  such  movement. 
Behind,  the  external  seuiilutiar  cartilage  is  att^iched,  by  means  of 
fibrous  and  synovial  raembrane  (PI*  LIII,  J/),  to  the  tendon  of  the 
poplitaeus  (i),  which  lies  close  upon  it  and  separates  it  from  the 
external  lateral  ligament  j  it  is  attached,  also,  to  the  posterior  liga- 
ment; and  some  of  ita  fibres  pass  into  the  liinder  part  (J),  and 
others  into  the  fore  part  (iT),  of  the  posterior  crucial  ligament. 
These  connections  are  not  sufficiently  close  to  prevent  its  being 
pressed  backwards  over  the  edge  of  the  tibia  during  flexion,  and 
tkawn  forwards  upon  the  articular  facet  during  extension  (PI,  L.), 
The  anterior  part  of  its  circle  is  even  more  free  than  the  posterior, 
which  permits  it  to  be  di'awn  far  back  upon  the  articular  facet  of 
the  tibia,  and  to  be  kept  in  close  contact  with  the  condyle  of  the 
femur,  when  the  joint  is  bent. 

The  chief  use  of  the  semilunar  cartihieres  is  to  deepen 
■BniianftrcM--   and  cxtcnd  the  space  for  the  reception  of  the  condyles 
^'  of  the  femur,  and  so  to  relieve  the  articular  surfaces, 

both  of  the  tibia  and  femur,  from  undue  pressure  at  particular 
points.  They  adapt  themselves  to  the  varying  shape  of  the  surface 
of  the  femur,  which  rests  upon  the  tibia;  being  squeezed  out  into 
a  larger  circle  diuing  extension,  and  again  conti^acting  so  as  to 
cling  round  the  smaller  hinder  parts  of  the  condyles  in  flexion. 
The  fore  part  of  each  in  less  fixed  than  the  hinder,  so  tliat  it  may 
be  free  to  follow  up  the  condyle  as  the  latter  recedes  from  the  front 
of  the  tibia  in  flexion,  and  be  pressed  back  again  into  its  place  in 
extension.  This  change  of  position,  to  and  fro  with  the  condyle, 
tiiuymovflwith  ^^  most  marked  in  the  outer  semilunar  cartilage.  Li 
thBtibkin       flexion  and   extension   the  cartilages  follow  the  tibia, 

flexion  and  ex-  ^ 

teniioo,  with     and  uiovc  with  it  upon  the  femur;  but  in  supination  and 

this  femur  In  ■  i  n  i       p  i  *  i    • 

■opiiuitior)  ma  prouatiou  they  adhere  to  the  lemur,  and  move  with  it  upon 
prou^iiou.        ^,^^  ^j^j^^    rjj^^  g^^  surfacc  of  the  outei  facet  of  the  tibia, 

and  its  slight  connection  with  the  external  semilunar  cartilage,  are 
particularly  favourable  to  the  sliding  of  the  facet  beneath  the 
cartilage  and  the  condyle  of  the  femur;  and  it  will  be  remembered 
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tTiat  the  movement  is  more  free  on  tlii^  than  on  the  inner  side,  in 
consec[uen€e  of  the  centre  of  the  motion  being  iutenial  to  the 
spine  of  the  tibia  (page  527). 

Furthor,  the  semilunar  cartilages  serve  to  oecTipy 
\MitwZiJr  *^li^  angular  interrals  between  the  articular  surfaces  of 
tocci  of  femur  ^]jg  condyles  of  the  femur  and  tibia,  which  vary  in 
size  and  depth  very  greatly  in  the  different  positions  of 
the  jointj  owing  to  the  fact  that  the  condyles  present,  at  one 
time,  a  nearly  flat,  and^  at  another,  a  nearly  spherical,  surface  to 
the  tibia;  and  liad  tliese  intervals  been  occupied,  like  similar 
apaoes  in  other  joints,  merely  by  processes  of  the  sjTiovial  mem- 
brane, such  processes  would  have  been  very  liable  to  injurious 
squeezing  between  the  articular  stufaccs,  during  the  free,  rapid, 
and  varied  movements  of  tlie  joint.  The  tough  sbiicture  and  the 
shape  of  the  semilunar  cartilages  acbiiirably  adapt  them  to  serve 
this  purpose;  for,  closing  in  upon  the  condyles  in  flexion,  and 
sliding  forwards  again  in  extension,  they  fill  up  the  inter^^als 
between  them  and  the  tibia,  prevent  the  entrance  of  other  structures, 
and  suffer  no  injury  themselves.  Their  tough  elastic  structnre 
also  enables  them  to  assist  the  articular  cartilages  in  interrupting 
the  transmission  of  the  jarring  vibrations  that  must  take  place 
between  the  long  bones  of  the  leg  and  thigh  in  walking  and 
running.  They  do  this  most  effectively  when  they  are  flattened 
out  between  the  articular  surfaces  in  the  extended  position  of  the 
joint ;  and  it  is  then  that  such  jars  are  most  likely  to  occiu-.  Tlic 
adjustment  of  the  fibro- cartilages  to  the  varying  shape  of  the  arti- 
cular surface  of  tlie  femur  during  flexion  is  due,  partly,  to  theb 
elastic  quality,  and,  partly,  to  their  connections  and  the  pressure  of 
surrounding  parts. 

We  frequently  hear  of  dislocation  of  the,*?©  fibro-cartilages ;  but  I  am 
not  aware  that  the  displacometit  has  been  proved  in  any  case  by  dissec- 
tion, and  can  scarcely  understand  bow  it  should  take  place,  their  convex 
edgei  being  connected  with  the  syno^^al  membrane  aU  roimd.  Slight 
derangements  of  them,  or  of  some  of  the  structures  of  the  knee-jointj 
are,  however,  not  unfrequent»  as  the  result  of  sprains  or  sudden  twists 
of  the  joint:  they  are  attended  with  great  lameness,  and  with  in- 
ability to  flex  or  extend  the  limb ;  and  tbe  symptoms  may,  sometimes, 
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be  suddenly  relieved  bj  manipulation,  auch  as  quickly  and  forcibly  bend- 
ing or  extending  the  joint,  or  pressing  tlie  leg  to  one  sidia  Mr  Hey ' 
firat  drew  attention  to  tbeae  cases,  I  bare  seen  several  instance  of 
tbe  kind,  but  can  form  no  more  flii<tinct  idea  of  tbe  exact  nattire  of 
tbe  derangement  tbat  takes  place  tliari  that  eminent  surgeon  appeare 
to  have  done. 

SfTioviiii  The   Sf/novtal  mendirane   of  the  koee  is   of  great 

membrane,  extent;  and  the  cavity  which  it  encloses  ia  more  spacious 
than  that  of  any  other  joint.  It  forms  a  large  cul  de  sac  on  tbe 
fore  part  of  tbe  femur,  beneath  tbe  quadriceps  muscle;  it  invests 
the  ctrcumference  of  tbe  lower  end  of  the  femur,  and  is  reflected 
from  it  upon  tlie  tendons  of  the  gastrocnemii  bcljind,  and  npon 
the  internal  lateral  ligament  and  the  tendinous  exitansion  of  the 
quadriceps  in  other  parts,  and  a  process  covers  the  fore  part  of 
the  crucial  ligaments;  it  passes  upon  the  upper  and  lower  smfaces 
of  tbe  seniilimar  cxirtilages,  and  extends  a  short  way  round  tbe 
clrcuniference  of  the  head  of  the  tibia.  It  bulges  out  a  little  above 
and  below  the  semilunar  cartilages  (PL  LII,  D,  E,  F,  I,  K,  i);  so 
tliat  tlie  latter  occupy  a  circular  depression  in  tbe  contoiu*  of  the 
joint,  which  becomes  much  more  manifest  when  the  membrane  has 
been  long  distended  with  fluid,  or  has  undergone  tbickening  of  its 
siibstiince.  One  process  of  the  sjmovial  membrane  invests  a  great 
part  of  the  circumfereuce  of  the  poplitanis  tendon,  and  extends 
downwards  upon  it  to  a  variable  distance.  This  process  sometimes 
reaches  and  is  blended  with  tlie  fibubir  joint,  and  so  establishes  a 
communication  between  it  and  the  knee. 

iu  intenud  Bcsides  tbe  numerous  sheaths  and  bulging  sacs,  invest- 
proceuei.  j^^g  ^^^  passiug  between  the  various  structures  tbat 
enter  into  tlie  composition  of  this  complicated  joint,  the  synovial 
membrane  furnishes  very  large  processes,  which  project  into  tlie 
interior  of  the  joint,  and  which,  being  occupied  by  fat,  sei-ve  as 
padding  to  assist  in  filling  up  the  spaces  between  the  articular  siir- 
faces  of  the  bones.  One  of  these  forms  a  f  >kl  round  tbe  patella, 
encircling  and  often  overlapping  tbe  edge  of  the  bone  (PI.  XLVIII. 


: 


*  "On  int«nial  derangement  of  the  knee  Joint,*  Practical  ObtenxUhn^  in  Surgery, 
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fig*  2,  0).  Another  large  process  covers  a  great  lobulated  masa 
of  fat  (^AT),  wliich  lies  below  the  patella,  "beneath,  and  on  either 
side  of,  the  ligamentnin  patellse ;  it  is,  in  the  middle,  prolonged 
into  a  narrow  strip  which  reaches  the  fore  pait  of  the  intercon- 
dyloid  space  of  the  femur,  and  is  attached  there;  on  either  side 
it  is  spread  out  mto  an  angular  fold  wliicli  occupies  the  inter- 
val between  the  articular  surfaces  of  the  tibia  and  femur.  This 
Alar  And  ttmni-  nicdiau  proccss  and  the  lateral  folds  are  called  the  Alar 
veiwiitrwuenu.  liyamcfit^^  A  naiTOw  fibrous  crescentic  band  (M)  run- 
ning beneath  tlic  alar  ligaments,  from  tlie  fore  part  of  one  semilunar 
cartilage  to  the  other,  is  called  the  Transverse  ligament;  it  serves  to 
keep  the  semilunar  cartilages  and  the  fatty  and  sjoiovial  processes 
in  their  places. 

Tlie  numerous  folds  of  the  synovial  membrane,  giving  rise  to  ao 
great  an  extent  of  surface,  the  variety  and  range  of  movements  of  the 
joint,  the  sijse  of  th«  articular  surfaces,  and  the  exposed  position  of  the 
knee  render  diseases  here  very  csommon  and  veiy  intractable,  more  bo 
than  in  any  other  joint  When  the  Byno\aal  membrane  becomes  thick- 
ened, which  is  so  often  the  case,  its  outline  may  he  clearly  distinguished 
in  thefrcjDt  of  the  knee;  and  the  depressions  occapied  by  the  semiJunar 
cartilages  may  often  be  traced. 


SUMMARY, 

It  will  have  been  remarked  that,  in  the  knee,  each  ligament  ful- 
fils two  or  mi>re  purposes,  and  that  some  of  the  movements  are  limited 
by  two  or  more  ligaments.  The  joint  is  never  entirely  dependent 
upon  atmospheric  pressure  for  tlie  apposition  of  its  articular  surfaces, 
inasmuch  as  one  or  more  of  the  ligaments  is  tight  in  every  posi- 
tion; hence  each  movement  (the  knee  not  being  a  true  hinge-joint) 
haa  a  tendency  to  relax  certain  ligamentous  fibres  while  it  gives 
tension  to  others;  and  it  is  by  the  peculiar  combination  of  move- 
ments that  take  place,  and  the  peculiar  adaptation  of  the  articular 
surfaces  and  the  ligaments  to  one  another  and  to  these  movements, 
that  the  requisite  tension  of  some  fibres,  and  the  relaxation  of 
others,  is  effected,  and  effected  in  such  a  manner  that^  in  certain 
positions,  the  greater  number  of  tlie  ligaments  are  tense,  to  give 
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more  resisting  power  to  the  joint,  and,  in  others,  the  greater  num- 
ber are  relaxed,  to  permit  more  movement. 

In  the  nearly  etraight  position  of  the  joint — the 
MiiideMdt<m«r  position  in  which  it  usually  is  when  the  limb  is  placed 
J^^^****^  upon  the  ground  in  walkinj^ — the  lateral  ligaments  and 
the  anterior  crucial  ligaments  are  tense,  holding  the 
articular  surfaces  closely  together  and  preventing  any  pronation  or 
supination.  In  the  fiirther  straightening  of  the  joint,  which  takes 
place  SiS  the  tniiik  is  brought  perpendicularly  over  the  limb,  these 
ligaments  are  still  maintained  in  a  uniform  state  of  tension  by 
the  combination  of  the  four  movements  (the  revolution  of  the  tibia 
upon  the  femur,  the  turning  of  the  tibia  upon  a  transverse  axis,  the 
rotation  of  the  tibia  upon  a  vertical  axis,  and  the  sliding  of  the 
tibia  fonvards  upon  the  femur)  which  take  place,  and  wliich  affect 
each  of  the  four  ligaments  in  a  somewhat  different  way.  Thus; 
the  continuance  of  the  revolving  of  tlie  tibia  upon  the  femm-  tends 
to  increase  the  tension  of  all  four;  the  turning  of  the  tibia  ujx)n 
a  transverse  axis  tends  to  increase  the  tension  of  the  lateral  liga- 
ments but  to  relax  the  crucial ;  the  sliding  forwards  of  the  tibia 
tends  to  relax  the  lateral  and  to  tighten  the  crucial;  and  the  rota- 
tion of  the  tibia  upon  a  vertical  axis  has  little  or  no  effect  upon 
the  internal  lateral,  but  tends  to  tighten  tlie  external  lateral  liga- 
ment, and  to  relax  the  anterior  crucial.  The  movements  are,  how* 
ever,  so  combined,  that  the  tension  of  all  four  is  preserved;  and 
as,  owing  to  the  shape  of  the  condyles,  a  continuance  of  exten- 
sion beyond  the  straight  line  would  be  attended  with  an  increased 
tension  of  tliem  all,  without  any  compensating  relaxation  of  any, 
it  is  cheeked  by  their  imited  force,  aided  by  the  posterior  liga- 
ment. Thus  the  extension  of  the  knee  beyond  the  straight  line  is 
more  or  less  resisted  by  all  the  ligaments  of  the  joints 


^  In  a  caae  of  dialocatioa  of  the  tibia  forwards  upon  tlie  femur  which  I  dissected, 
the  crucial  ligamenta  were  torn  throughi  the  anterior  near  its  amnection  with  the  tibia, 
the  posterior  near  ita  connection  with  the  femur;  the  external  hiteral  ligament,  the 
tendon  of  the  hiceps,  and  the  head  of  the  fibula,  were  separated  together  from  the 
ahaft  of  the  bone  j  the  internal  lateral  Hganicnt  remained  entire  ;  the  semilunar 
cartilages  retained  their  connection  with  the  bead  of  the  tibia ;  the  post^irior  ligament 
waa  muoh  torn.   The  accident  was  canaed  by  a  heavy  weight  falling  upon  the  limk  In 
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This  pro\'{sion  is  importatitj  inasmuch  as  in  the  com- 
pletely extended  position  of  the  knee  (owing  to  the  in- 
clination forwai'ds  of  the  neck  and  head  of  the  femur  and 
of  tlic  lower  part  of  the  tibia)  the  line  of  gravity  falls, 
from  the  middle  of  the  hip,  to  the  middle  of  the  ankle,  in  a  plane  a 
little  in  front  of  tlie  point  of  bearing  of  the  femur  upon  the  tibia. 
The  tendency  of  the  weight  of  the  body  in  this  position,  therefore, 
neceaaarily  is  to  increase  the  extension  of  the  knee;  but,  being 
Tcsisted  by  all  these  ligaments,  the  practical  effect  is  to  keep  the 
joint  straight,  -without  the  aid  of  any  muscular  exertion.  Hence 
we  find  this  to  be  a  jwsition  of  eaae;  in  the  "stand  at  ease''  pos- 
ture of  drill,  the  knee  of  the  limb  upon  which  the  soldier  rests 
is  in  its  most  extended  condition,  the  weight  is  borne  enthrely  by 
the  bones  and  ligaments,  and  the  muscles  are  allowed  to  be  at  rest. 
If  now,  during  this  inactive  condition  of  the  muscles,  a  sudden  and 
unexpected,  though  slight,  pressure  be  made  in  the  ham,  the  joint 
easily  yields  and  becomes  a  little  bent;  and,  the  line  of  gravity  now 
falling  behind  the  point  of  bearing  of  the  tibia  upon  the  femur, 
the  man  will  drop,  unless  the  muscles  come  quickly  to  the  rescue 
— ^a  faet  which  has  not  escaped  the  obsen^ation  of  school-boys. 

Flexion  of  the  kne^  is  limited  by  the  bulk  of  soft 
parts  situated  behind  the  joint.  When  these  have  been 
removed  it  is  limited  by  the  crucial  ligamenta.  Prona- 
tion and  supination  are  prevented,  in  the  extended  posi- 
tion^  by  the  shape  of  the  articular  surtaces,  and  by  the  close  manner 
in  which  they  are  held  together  by  the  several  ligaments.  When 
the  knee  is  bent,  pronation  is  limited  by  the  antexior  crucial  liga- 
ment, and  supination  is  limited  by  the  long  fibres  of  the  posterior 
crucial  ligament.  In  the  latter  movement  the  crucial  ligaments  arc 
nntwisted  or  separated  from  one  another;  in  the  former  they  are 
twisted  more  closely  together;  but  it  does  not  appear  that  the 
mutual  pressure  of  the  ligaments,  caused  liy  this  twisting,  has  so 
much  influence  in  limiting  pronation  as  the  cause  I  have  assigned, 
viz,  the  tension  of  the  fibres  of  the  anterior  crucial  ligament. 


aiitloD,ukd 
KttpLtiAtion  : 
Low  llBiit^d. 


ft  rinOiir  case  quoted  In  Ct^L  Atntt.  from  Loi^,  Med,  (hi.  May  14,   i8j6^  tbe  latemt 
BgwnientB  oti  both  sides  were  perfect ;  the  other  ligaments  were  torn. 
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PERONEO-TTBIAL  JOINTS. 

The  mode  of  coEnection  of  the  fibula  with  the  tibia  is  such  as 
to  perm  it  very  little  niOYemeiit  between  the  bones.  There  is  a 
regular  synovial  joint  above;  but,  below,  they  are  united  only 
by  ligamenta;  and  in  the  interval  between  their  upper  and  lower 
ends  there  is  the  Interosseous  membrane^  the  fibres  of  which  take, 
for  the  most  part,  an  oblique  direetioo,  downwards  and  outwards, 
trom  the  tibia  to  the  libula. 

Upper  peitsoeo-  ^^^  Upper  end  of  the  fibula  is  placed  beneath  the 
tiw*i  joint  overhanging  hinder  edge  of  the  outer  condyle  of  the 
tibia,  80  as  to  afford  some  support  to  the  latter;  and  the  joint 
between  the  two  is  constructed  with  the  same  view.  The  articular 
surface  of  the  fibula,  placed  upon  the  upper  and  inner  aspect  of  the 
bead  of  the  bone^  is  oblong,  with  the  greatest  diameter  firom  above 
doi^Tiwards  and  inwards,  is  slightly  concave  in  the  same  direction, 
and  looks  upwards  and  inwards.  That  of  the  tibia,  placed  upon 
the  hinder  and  under  aspect  of  the  condyle,  looks  downwards  and 
outwards,  is  slightly  convex  from  above  do^^Tiwards,  and  is  of  oval 
sliape,  but  the  longest  diameter  is  from  before  backwards.  It  is 
larger  than  that  of  the  fibula,  exceeding  It  in  the  antero-posterior 
diameter  and  equalling  it  in  tbe  vertical,  or  oblique,  diameter. 
Hence  the  liead  of  the  fibula  may  be  made  to  slide  a  little  back- 
wards and  forwards  upon  the  tibia,  but  Ccmnot  be  moved  in  any 
otlicr  direction.  There  is  an  Anterior  (PL  LIII.  fig;  1,  N^  O,)  and 
a  Posterior  ligament  (PI,  LI,  fig,  2,  G)  which  pass  obliquely  over 
the  joint,  but  the  chief  bonds  of  union  are  the  fibres  of  the  biceps 
tendon  (fig,  1,  F),  wbicb  are  spread  over  nearly  aU  the  fore  part 
of  the  joint. 

The  synovial  cavity  of  the  tibio-fibular  articnlation  ia 
commimlaSkfl  ftometimes  found  to  couimimicate  with  that  of  the  knee- 
withknw-  joint,  through  the  metUuni  of  the  sheath  of  the  popUteeus 
tendon.  The  occasional  oocurrence  of  such  a  communica- 
tion is  an  objection  to  the  practice,  which  has  been  adopted  by  Larrey 
and  others,  of  removing  the  head  of  the  fibula  in  amputation  just  below 
the  knee.  The  joint  not  unirequcntly  [larfcicipates  in  diseases  affecting 
the  knee. 
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Utwvrpmmety  ^^^  lower  end  of  the  tibia  is,  on  its  outer  side,  liol- 
tsudjoint  lowed  to  receive  the  convex  inner  side  of  the  fibula 
(PL  XL.  fig,  7) ;  and  the  bonea  are  held  firmly  and  eloselj  together 
by  three  ligaments — an  Anterwr  peroneo-tibial  (PL  LV.  fig.  6,  F)^ 
a  Foaieri&r  peromo-Hbial  (PI.  LIV.  fig.  2,  /,  LYL.  fig,  2,  O),  and 
an  Infirioff  interoaaeous  (Pi.  LIV.  fig.  4,  C) — which  all  descend  ob- 
liquely from  the  tibia  to  the  fibula.  They  are  very  strong,  and  pre- 
vent any  forward  or  backward  movement  of  the  lower  end  of  the 
fibula  upon  the  tibia ;  morcnver  they  combine  to  hold  the  fibula  up 
finnly  against  the  outer  coiulj'le  of  the  tibia.  The  Inferior  inter^ 
maeous  ligament  forma  a  cushion  between  the  two  bones,  where  they 
are  in  closest  contact ;  thus  answering  some  of  tlie  purposes  of  car- 
tilage^  while,  in  addition,  it  foi-ms  a  finn  bond  of  union.  Its  fibres 
are  thick  and  directed,  for  the  most  part,  from  the  tibia,  downwards 
and  outwards,  to  the  fibula.  These  ligaments  had  need  be  strong, 
because,  owing  to  the  position  of  the  lower  end  of  the  fibula  and 
the  manner  in  which  the  leg  is  placed  upon  the  foot,  tliey  have  to 
bear  much  stress  when  the  weight  of  the  body  is  thrown  obliquely 
from  one  foot  upon  the  other  in  walking  and  running ;  and  they 
are  ao  effective  that,  although  the  fibula  is  often  broken  above 
them,  and  is  sometimes  broken  below  them  (in  fracture  of  the 
external  malleolus),  it  ia  very  rarely  separated  from  tlic  tibia;  in- 
deed I  am  not  able  tci  refer  to  a  single  example  of  such  an  accident. 

tWilnftinii  Dislocation  of  the  upper  end,  also,  of  the  fibula  seldom 

^^"y*^  takes  plitce,  I  have  seen  it  driven  forw-^ards  upon  the  tibia; 
and  it  baa  been  dislocated  backwards.  Sir  A,  Cooper  onoe  saw  the  dis- 
location connected  with  compousd  fmctnre  of  the  leg\ 


*  Oot^M  DUlvcoHons,  by  B.  Ck)0{)er,  1843,  p.  «i. 
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The  movementjs  of  the  foot  upon  the  leg  arc  varied ;  and  tbey  arc 
rather  difficult  to  analyse,  because  they  pass  easily  into  one  another, 
because  two,  or  more,  are  generally  combined  togetherj  and  because 
they  are  divided  between  tliree  distinct  joint:^  whicli  are  placed  near 
to  one  another,  The&e  are;  ji^'atf  the  joint  between  the  tibia  fibula 
and  astragalus,  in  which  there  is  one  syno\^l  cavity  j  secondly ^  the 
joint  between  the  astragalus  and  the  os  calcLs,  which  is  a  double 
joint  having  two  separate  synovial  cavities  ;  and  thirdly ^  the  joint 
between  the  first  and  second  rows  of  tarsal  hones,  between,  tliat  is  to 
Bay,  the  astragalus  and  os  calcis  behind,  and  the  scaphoid  and  cuboid 
in  front.  The  latter  is  also  a  double  joint,  the  synovial  ca\^ty 
between  the  os  calcis  and  the  cuboid  bone  being  quite  distinct 
from  that  between  the  astragalus  and  the  scaphoid* 

The  most  obviouis  movement  is  that  of  flexion  and 
extension,  which  is  effected  at  the  joint  between  the 
tibia  and  fibula  and  the  astragalus*  It  takes  place,  in  a 
perpendicular  plane,  upon  an  axis  which  passes^  from 
left  to  right,  through  the  lower  part  of  the  astragalus, 
and  w^iich  is  tlie  centre  of  the  circle  of  which  tlie  upper  articular 
surface  of  the  astragalus  foriuB  a  segment.  It  will  be  observed  that 
the  shaft  of  the  tibia  is  twisted,  so  that  when  the  bone  is  laid 
upon  a  table,  on  its  hinder  surface,  it  rests  on  the  posterior  edges 
of  both  its  condyles,  but  uprtii  the  Jnnder  and  ouler  edge  only  of 
its  lower  articular  end  ;  the  inner  malleolus  being  quite  turned 
away  from  the  table.  This  twist  in  tlie  tibia  gives  an  outward 
slant  to  the  foot,  from  the  heel,  causing  the  great  toe  to  incline  away 
from  that  of  the  opposite  side,  when  the  heels  are  placed  in  contact. 
A  line  drawn  from  the  point  of  tlie  heel,  through  the  middle,  or 
longest,  toe,  coincides  with  the  plane  in  which  the  foot  moves  in 
flexion  and  extension  upon  the  leg.     The  direction  of  this  move- 
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ment  is,  therefore,  oblit|iic  with  regard  to  that  of  the  knee-joint,  and 
to  that  of  the  plane  in  whieh  tlie  leg-bones  descend  from  the  knee. 
The  degrees  of  flexion  and  extension  are  nearly  equal ;  the  two 
together  amounting  to  about  80°.  The  joint  does  not  admit  of  any 
other  movement  than  flexion  and  extension  npon  the  one  axis  just 
mentioned ;  it  is  therefore  a  simjile  hinge-joint. 

The  Shape  of  the  Articular  surfaces  corresponds  with 
•rticttiM  this  movement.     The  npper  surface  of  the  astragalus 

inrrfiopi- 

is  convex  from  before  backwards,  so  as  to  permit  the 
slightly  concave  surface  of  the  tibia  to  revolve  backwards  and  for- 
wards npon  it.  Transversely,  it  presents  a  wide  shallow  groove^ 
a  »ort  of  trochlea — adapted  to  a  broad  superficial  ridge  on  the  tibia. 
This  increases  the  surface  of  contact  between  the  bones,  by  giving  a 
wavy  outline  to  it,  and,  therefore,  contributes  to  the  steadiness  and 
security  of  the  joint  and  resists  the  liability  to  lateral  dis^ace- 
nient.  From  the  groove  the  surface  mounts  on  either  side  to  a 
prominent  ridge ;  that  on  the  mncr  side  is  received  into  the  retiring 
angle  formed  by  the  inner  malleulus  with  the  rest  of  the  tibia ;  and 
that  on  the  outer  side,  which  is  the  higher  and  sharper  of  the  two, 
is  received  into  the  retiring  angle  between  the  tibia  and  the  fibula. 
The  manner  in  which  these  projecting  ridges  are  embraced  by  t!m 
corresponding  surfaces  of  the  tibia  and  fibula  is  such  as  quite  to 
prevent  any  rotatory  or  lateral  motion  in  the  joint. 

The  inner  side  of  the  articidar  surface,  which  corre- 


tn4iBn«rfti!L^  sponds   to   the   internal   malleolus,  increases  in   depth 


ofMiiigrini  towards  its  fore  part,  so  as  to  present  the  greatest  area 
for  contact  with  the  tibia  in  the  flexed  jwsition  of  the  joint;  it  is 
also  sloped  from  above,  inwards  and  downwards  (PL  LIV.  fig.  3), 
BO  as  to  receive  a  share  of  the  weight  of  the  body  transmitted  to  it 
through  the  iimer  malleolus*  The  facet  on  the  outer  side  of  the 
astragalus  is  of  different  shaj>e.  It  is  somewhat  triangular,  corre- 
sponding with  the  facet  on  the  inner  side  of  the  fibula ;  the  apex 
is  directed  downwards ;  it  is  slightly  convex  from  before  backwards, 
and  a  superficial  ridge,  ascending  from  the  apex,  divides  it  into  two 
unequal  portions,  of  which  the  hinder  is  the  larger,  so  that  this 
facet  presents  the  greatest  area  for  contact  with  the  fibula  in  the 
extended  position  of  the  joint.     It  is,  moreover^  situated  in  a  plane 
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posterior  to  tlie  internal  facet;  and  is  contiiiuous  with  the  upper 
articular  surface  nearly  as  far  as  the  posterior  border  of  that  sur- 
face. Whereas,  between  the  anterior  border  of  the  facet  and  the 
anterior  edge  of  the  upper  articular  surface  is  an  interval  covered  by 
fibrous  tissue  and  synovial  membrane  (PL  LIV.  fig.  2,  F), 
iie»son  of  these  These  differencts  between  tiie  articular  faeets  on  the 
diferentvs,  ^^q  sidcfl  of  the  astragaluH  have  relation  to  tlie  fact 
that,  in  walking,  when  we  plant  the  limb  on  the  ground  the  ankle 
is  in  the  extended  position ;  and  tlie  weight  of  the  body  is  received 
by  the  foot  in  a  direction  downwards,  forwards,  and  imeards^  in 
consequence  of  the  twiat  in  the  tibia  Just  mentioned,  and  also  in 
consequence  of  the  inclination  of  the  leg-bones  inwards  in  their 
lower  third.  The  lower  end  of  the  fibula  is,  accordingly,  placed 
behind  the  plane  of  the  inner  malleolus ;  and  the  articular  surface 
of  the  astragalus  is  extended  far  back  on  its  outer  side,  for  the 
purpose  of  receiving  and  transmitting  the  weight  when  the  foot 
comes  in  contiict  with  the  ground.  On  the  contrary,  when  the  foot 
is  about  to  be  witli drawn  from  the  gromid,  and  when  the  trimk  is 
being  thrown  diagonally,  forwards  and  inwards,  upon  the  other 
limbj  the  ankle  is  in  the  flexed  position ;  and  the  weight  is  then 
received  by  the  foot  in  a  direction  downwards,  hackward^^  and  out-- 
wards.  The  inner  malleolus  is,  accordingly,  situated  near  the  fore 
part  of  the  joint  j  and  the  internal  articular  surface  of  the  astragalus 
advances  further  forwards  than  the  outer  one,  for  the  purpose  of 
receiving  and  transmitting  the  weight  in  the  last  stage  of  the  step. 
_  A    further  difference   between  these   two  facets   is 

The  cnitet  one 

dc'SCTndJi  lower  causcd  by  tlic  oiiter  ono  descending  to  a  considerably 

thAn  the  Inner.    ,  i         ,      i  i        -  «     i       i  ^       i  i  , 

lower  level  than  tlie  inner;  indeed  it  descends  so  low 
that  its  apex,  or  lowest  part,  and,  with  it,  the  lowest  part  of  the 
articular  facet  of  the  fibula,  is  traversed  by  the  axial  line  upon 
which  the  leg  revolves,  in  flexion  and  extension,  upon  the  foot. 
The  inner  malleolus,  on  the  other  hand,  does  not  descend  so  low  as 
the  axial  line,  and  does  not,  therefore,  revolve  upon  a  line  drawn 
through  any  part  of  itself,  but  is  carried  forwai*ds,  and  backwards, 
in  the  segment  of  a  circle  the  centre  of  which  lies  beneath  it.  This 
makes  no  real  difference  in  the  movement  of  the  t^vo  malleoli,  but 
it  makes  some  difterence  in  the  disposition  of  the  lateral  ligaments. 
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Afiimiftrimr  The  iippcr  articukr  siu-face  of  tbe  astragalus  is  one- 

fr^uhw'"'  fourth  Tender  in  front  than  behmd;  the  cavity  L€twecii 
***^^°**-  the  tibia  and  fibula,  into  which  it  is  received,  is  shaped 

in  a  corresponding  manner  j  and  the  articular  facets,  on  either  side, 
are,  conset^nently,  sloped  a  little  outwards  from  behind,  which  is 
most  marked  in  the  hinder  part  of  the  outer  facet*.  This  conforma- 
tion is  to  prevent  the  leg  being  driven  forwards  upon  the  tarsus 
when  we  alight  upon  the  ground  in  nmning,  jumping,  or  walking ; 
and,  tor  the  same  jjurpose,  the  posterior  edge  of  the  articular  surface 
of  the  tibia  descends  a  little  lower  than  the  anterior. 

In  spite  of  these  provisions  dislocation  of  the  tibia  forward^!  does, 
sometimes,  occur.  Wbereas,  the  dislocation  backwards,  whicli  the  shape 
of  the  bones  would  rather  favour,  ia  a  far  more  rare  occurrence ;  because 
the  weight  of  the  bt>dy  is  scarcely  ever  brought  to  bear  upon  the  limb 
in  9uch  a  direction  and  witli  sucli  Ibrce  as  to  induce  it. 


How  gockel 
litdApted  to 
wlnkgaliiii  In 

tiomaofthe 
Joint. 


It  is  not  enough  to  say  tliat  the  socket  of  the  Icg- 
boncs  is  shaped  in  conformity  with  this  configm'ation  of 
the  articular  surface  of  astragalus.  For,  if  that  had  been 
all,  and  if  the  fibula  had,  like  the  inner  malleolus, 
formed  a  part  of  the  tibia,  so  that  the  socket  had  been 
hollowed  out  of  the  solid  bone  and  had  maintained  an  unvarying 
siae,  it  could  not  have  been  adapted  to  the  astragalus  in  the  dif- 
ferent positions  of  the  limb.  It  would  have  been  either  too  large 
when  the  joint  was  extended  or  too  small  when  it  was  bent.  But 
the  outer  nialleolns,  being  a  little  moveable,  pemiits  a  slight  alter- 
nate widening  and  narrowing  of  the  socket  in  flexion  and  exten- 
sion ;  80  that  freedom  of  movement  is  combined  with  the  main- 
tenance of  an  exact  co-aptation  of  the  articular  siirtaces.  This 
yielding  of  the  outer  malleolus  in  a  lateral  direction,  under  the 
pressure  of  the  articular  surface  of  the  astragalus  during  flexion, 
and  its  recoil  in  extension,  dej>end,  not  so  much  upon  a  yielding  of 
the  ligaments  that  bind  it  to  the  tibia,  as  upon  the  elasticity  of  the 
bone  itself.     Hence  a  careful  examination  will  shew  that,  during 


'  The  Bection  in  fig.  i,  Fl.  LIV.  is  not  quite  low  onougk  to  tbew  Ibese  polots. 
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Kxtentii iater»i  "^he  ligaments  of  the  ankle-joint  pass  from  the 
^***'°*****'  malleoli.  Those  from  the  outer  malleolus  are  three  in 
number.  First;  the  External  lateral  ligament  (PL  LV.  fig,  6,  E) 
is  attached  to  a  smooth  space  on  the  fibula,  just  outside  the 
apex  of  its  articular  facet,  between  the  hitter  and  the  tip  of  the 
bone.  It  nma,  backwards  and  downwards,  to  a  superficial  depres- 
sion, between  two  rough  eminences  that  are  seen  on  the  exterior  of 
the  OS  calcis,  a  little  behind  the  joint  with  the  astragalus.  Being 
connected  with  the  fibula  in  the  line  of  the  axis  of  motion  of  the 
joint  this  ligament  is  tense  in  eycry  position  of  the  bones;  and  the 
direction  of  its  fibres  is  such  as  to  prevent  the  fibula  from  being 
driven  forwards  upon  the  tarsus. 

Pwteriar  Secoudlj  ;  the  Posterior  peroneo-tarsal  liffament  (PL 

ptron*o.urs4i  LTI,  fig.  2,  F)  is  attached  to  a  deep  pit  behind  the 
ajjcx  of  the  articular  facet  of  the  fibula,  and  runs, 
almost  horizontally  inwards,  with  a  slight  inclination  backwards. 
Its  lower  fibres,  constituting  the  strongest  part  of  the  ligament, 
descend  a  little  to  the  ridge  which  forms  the  outer  edge  of  the 
groove  in  the  astragalus  for  the  fiexor  hngus  poUicts,  Its  middle 
fibres  pass  to  the  upper  part  and  outer  edge  of  this  groove;  and  its 
uppermost  fibres  pass,  behind  the  ankle-joint,  to  the  lower  margin 
of  the  tibia  and  the  hinder  edge  of  the  inner  malleolus.  It  aids 
the  external  lateral  ligament  in  preventing  displacement  of  the 
fibula  forft^ards;  and  the  two  arc  so  strong  that  in  dislocation  of  the 
ankle  tliej  sometimes  hold  the  malleolus  in  its  piicc,  and  cause 
the  bone  to  be  snapped  above  the  line  of  their  attachment,  Tlie 
posterior  peroneo-tarsal  ligament  can  scarcely  be  said  to  be  relaxed 
in  any  position  of  the  ankle;  but  it  is  most  distinctly  tense  when 
the  joint  is  bent.  It  helps,  therefore,  to  limit  fiexion  of  the  ankle. 
It  binds  the  lower  end  of  the  fibula  to  the  tibia;  and  its  uppermost 
fibres,  deepening  the  hinder  part  of  the  socket  for  the  astragalus, 
render  the  position  of  tliat  bone  more  secure. 

Thirdly,  the  Anterwr  ^x  roweo-#«r^a?  ligament  (PL 

peronco-urau    LV.  fig,  6,  (7),  E  flatter  and  broader  ligament  than  either 

^  of  tlie  other  two,  is  attached  along  the  lower  part  of  the 

ridge  that  stands  out  in  front  of  the  articular  surface  of  the  fibula, 

and  passes  obliquely  forwards,  inwards,  and  a  little  downwards, 
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nor  border  of  the  process.  They  radiate  as  they  descend,  bo  as  to 
cover  the  whole  of  the  inner  side  of  the  ankle-joint;  the  foremost 
{PL  LVI.  fig.  2,  0)  mn  over  the  neck  and  head  of  the  astragalus, 
and  are  inserted  into  the  hinder  and  inner  border  of  the  scaphoid; 
the  middle  fibres  (0^)  are  attached  to  the  depression  beneath  the 
inner  articular  facet  of  the  astragalus,  to  the  prominence  which 
separates  that  depression  from  the  groove  on  the  under  suiface  of 
the  astragalus,  and  to  the  adjacent  projecting  inner  process  of  the 
08  calcis  J  the  hindmost  fibres  ( 0^)  are  attached  along  the  inner  side 
of  the  hinder  part  of  the  astragalus.  The  middle  and  thickest  part 
of  the  ligament  is  tense,  or  nearly  tense,  in  every  position  of  the 
joint,  and  is  a  very  important  agent  in  supporting  the  ankle  under 
the  weight  of  the  body  and  in  preventing  dislocation  of  the  foot 
inwards.  The  foremost  and  hindmost  fibres,  respectively,  limit 
extcnsinn  and  flexion  of  the  ankle.  The  anterior  and  middle  fibres, 
being  attached  to  the  os  calcis  as  well  as  to  the  scaphoid,  serve  to 
limit  abduction  of  the  foot. 

There  are  no  true  anterior  and  posterior  ligaments. 
2^^1l^d!l«y  There  is  a  thick  roll  of  fat  (PL  LIV.  fig.  2,  H)  upon 
aHKio^ftoot  ^j^^  £qj^  p^^  ^^  ^jj^  joint,  which  causes  the  sjTiovinl 
membrane  to  project  into,  and  to  fill  up,  the  retiring 
angle  between  the  margin  of  the  tibia  and  the  astragalus,  and 
which  also  gives  a  thickness  and  rounded  contour  to  the  synovial 
fold,  and  prevents  its  being  caught  between  the  articuLar  edges  of 
the  bones  in  flexion  of  the  joint.  A  prolongation  of  this  fatty 
mass  occupies  the  depression  upon  tlie  neck  of  the  astragalus  (PL 
XLI.  A)^  and  foims  a  soft  cushion  to  receive  the  anterior  edge  of 
the  tibia  in  forced  flexion  of  the  ankle. 


JOINT  BETWEEN  ASTRAGALUS  AND  OS  CALCIS. 


The  other  joints  which  are  concerned  in  the  movements  of  the 
foot  upon  the  leg  j  viz.  the  two  between  the  astragalus  and  the 
OS  c^ilcis,  and  the  two  between  the  first  and  second  row  of  tarsal 
bones,  are  so  closely  connected,  and  so  intimately  associated  in 
their  movements,  that  they  might  be  described  together  as  one 
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a  lunm^  of  the  toes  outwards  and  of  the  he^l  tViwards.  The  effect 
of  the  rotation  is  much  more  eYideiit  upon  tlie  toes  than  upon  the 
heel,  in  consequence  of  their  greater  distance  from  the  centre  of 
motion.  In  these  movements  the  otlicr  hones  of  the  foot  are 
carried  with  the  oa  c^lcis,  the  scaphoid  revolving  upon  the  roiuid 
anterior  end  of  the  aMragalus. 

Although  we  speak  of  adducimi  and  ahduction  of 
the  foot,  it  is  not  strictly  correct  to  do  so ;  becauBe, 
when  the  foot  is  planted  upon  the  ground,  in  the  po- 
sition in  which  it  has  to  hear  the  weight  of  the  body,  ahdiicii&n  (or 
inclination  of  the  leg  outwards,  which  is  equivalent  to  ahduction  of 
the  foot)  13  scarcely  possible,  being  prevented  by  ttie  tension  of  the 
deltoid  and  of  the  several  ligiiments  which  lie  between  the  astraga- 
lus and  the  os  calcis.  If  the  ligaments  were  loose  in  that  position, 
10  as  to  permit  abduction  of  the  foot,  the  astragalus  and  the  inner 
ankle  would  be  dependent  entirely  upon  the  support  of  the  sur* 
rounding  tendons,  and  would  be  liable  to  be  driven  inwards  by  the 
heavy  weight  to  which  they  are  subjected V  Owing,  however,  to 
the  tension  of  the  ligaments,  and  to  the  strength  of  the  tendons 
which  pa-ss  beneath  the  inner  ankle,  the  astragalus  is  so  securely 
held  upon  the  os  calcis,  that  displacement  at  this  joint,  or  even  a 
strain,  rarely  occurs  when  the  weight  of  the  leg  is  received  in  the 
usual  directinn. 

If,  however,  by  accident,  the  foot  be  in  a  state  of  ad- 
duction, with  the  outer  edge  upon  the  ground,  when  the 
**'^  weight  falls  suddenly  upon  it;  or  if  the  weight  of  the  body 

be  received  by  the  foot  in  an  oblique  Une,  from  within  otf/wards,  ao  that 
the  foot  is  thrown  into  a  state  of  adduction,  then,  in  consequence  of  the 
ligamenta  being  partially  relaxed,  a  displacement  of  the  astragalus  may 
take  place,  or  a  stmin  is  very  likely  to  occur.  In  some  persons  these 
ligaments  are  weak  and  permit  abduction  to  take  place ;  and  then  the 
weight  of  the  body  is  likely  to  increase  the  abduction,  and  to  drive 


oftbtAilm 


>  It  muit  always  be  borne  in  misd  la  oonaideriDg  the  aDataoigr  of  this,  and  of  tlw 
other  adjacent  joint*,  that  ih«  weight  of  tb«  body  is  tfansmitted  to  the  foot  in  an 
obUqae  direction^  from  abovc^  downwrnrdii  and  jiiwarda. 
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The  other  articulating  surface  on  the  os  calcic  for  the  astragalus 
is  nan*ow,  elongated  from  behind  forwards  and  outwards,  and  con- 
cave in  the.  &ame  direction.  Sometimes  it  presents  two  flat,  or 
slightly  undulating,  facets,  which  are  miited  at  an  obtuse  retiring 
angle;  the  inner  of  these  facets  constitutes  two-thirds,  and  the 
outer  one-third,  of  the  surface. 

vottrikaii.  ^^^^^  anterior  portion — or  "head" — of  the  astragalus 

imhrnAof       presents  four  faeets  separated  from  one  another  by  slight 

ridges;  and  both  the  facets  and  the  intervening  ridges 
are  entirely  covered  by  cartilage.  The  uppermost,  which  is  also 
the  foremost  and  largest  of  the  facets,  is  convex,  and  is  received 
into  the  cup  on  the  hinder  aspect  of  the  scaphoid  bone ;  it  is  part  of 
a  true  sphere.  The  two  facets  on  tl*e  under  siurface  are  flat  or  a 
little  concave;  they,  together  with  the  ridge  wtich  intervenes 
between  them,  are  adapted  to  the  articulating  surface  of  the  os 
calcid  just  descriljed.  The  larger  of  the  two  is  separated  from  the 
convex  facet  for  the  scaphoid  bone  by  a  fourth  facet,  which  rests 
upm  the  inner  part  of  the  ealcaneo-scaphoid  ligament. 

If  the  astragal ui?  and  os  calcis  be  placed  together,  it  will  be  per- 
ceived that  the  articulating  surfaces  of  the  two  connecting  joints 
are  so  constructed  as  not  to  permit  either  direct  adduction,  or  true 
rotation  in  a  horizontal  plane ;  they  permit  only  an  oblique  move- 
ment, compounded  of  adduction  and  rotation,  which  I  have  de- 
scribed to  be  the  movement  that  takes  place  between  the  two 
bones.  Adduction  cannot  take  place  without  rotation  of  the  toes 
inwards ;  abduction  cannot  take  place  without  rotation  of  the  toes 
outwards ;  neither  can  rotation  take  place  without  some  amoimt  of 
adduction  or  abduction. 

The  ligaments  are  disposed  in  accordance  with  thes6 

movements,  and  with  the  especial  object  of  preventing 
abduction  of  the  foot  when  the  sole  is  placed  ufxin  the  ground. 

The  Interosseous  is  the  most  powerful,  forming  a  yeiy 

strong  bond  of  union  between  the  bones.  It  occupies 
the  interosseous  groove  or  channel ;  and  its  fibres,  being  disposed 
in  two  planes,  may  be  regarded  as  forming  two  ligaments— an 
anterior  and  a  posterior.  The  Anterior  tnteroaseom  liqament  (PI, 
LV,  fig.  6,  L)  is  situated  chiefly  in  the  outer,  and  wider,  part  of 
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the  interosseous  groove.  It  arises  from  the  miildle  of  a  rough 
space  on  the  os  calcis,  which  intervenes  hetween  the  posterior  arti- 
culating surface  and  the  anterior  extremity  of  the  bone;  and  it 
runs  jWwards,  upwards,  and  inwards,  to  a  depression  in  the  outer 
and  under  side  of  the  head  of  the  astragaUis,  just  behind  t!ie  pro- 
jecting edge  of  the  articular  facet  for  the  scaphoid.  The  Posterior 
interosseous  ligament  [M  and  PL  LVIII,  fig,  9,  E)  is  situated, 
chiefly,  in  the  inner,  and  narrower,  part  of  the  interosseous  space.^^^H 
It  arises  from  the  bottom  of  the  groove  in  the  os  ealcis,  and  rans^i 
ioctwards,  upwards  and  inwards  to  the  hinder  side  of  the  groove 
in  the  astragalus,  in  front  of  the  edge  of  the  posterior  articular 
surface^  Towards  the  middle  of  the  interosseous  space  the  fibres  of 
the  anterior  and  posterior  ligaments  are  near  together,  and  take 
a  nearly  parallel,  and  straight,  course  from  one  bone  to  the  other 
(PL  LN\h  fig,  3,  Q)\  and  towards  the  outer  side  of  the  inter- 
osseous space,  the  fibres  of  tlie  posterior  ligament    (PL  LV.  fig. 


DESCRIPTIOH   OF   PLATE   LVIII, 

Figs.  I  to  5.  yertic&]  sectionfl^  from  before  backwards^  through  the  five  tnrao- 
meUtarsa]  joints,  showing  the  different  Hbapea  of  the  jirticular  surfaces.  A^  metatarsal 
bone.  Bt  internal  cuneifomi.  £7,  middle  ditto.  D,  external  ditto.  E^  inner  part  of 
eiiboid*  Ff  outer  part  of  cuboid.  Q,  and  H,  upper  and  lower  I'lgamenta  connecting, 
metatareal  with  tarsal  bones. 

Fig.  6.  Vortical  (lection^  from  before  backwardfij  through  joint  between  Bcaphdd 
{S\  and  internal  cuneiform  bone  (£7), 

Fig.  7.     DittOi  between  scaphoid  {S)  and  middle  cuneiform  {C). 

Fig.  8,     Ditto,  between  scaphoid  (S)  and  external  cuneiform  {C^, 

Fig.  9.  Ligaments  on  inner  side  of  foot.  A,  astragal na.  B,  scaphoid.  C,  inter- 
nal cuneiform.  i>,  metatarsal  bone  of  great  toe.  E^  pcMtcnor  interosseous  ligament, 
Fj  internal  lateral  ligament^  and  £?,  posterior  ligament  between  os  calcia  and  astra- 
galus. Hi  fibres  of  deltoid  ligament  attached  to  scaphoid  and  forepart  of  os  oalciA. 
/,  edge  of  OS  calcts  oTerhanging  groove  for  tibialis  postieua.  A',  under 
of  head  of  astragalus  appearing  between  two  portions  (Z  and  Jf )  of  inferior  calcaneo- 
scapboid  ligament  j  it  is  here  supported  by  the  tendon  of  tibialis  posticus.  N,  N, 
long  inferior  calcaneo-cuboid  ligament.  C>^  internal  ligament  between  scaphoid  and 
btenial  cuneiform  ;  P,  ditto  between  internal  cuneiform  and  metatarsal  of  great  too, 
Qf  portion  of  internal  bteral  ligament  connecting  phalanr  with  metatarsal  bone; 
Q^f  ditto  with  soe:amoid  bone,  i?^  ligament  connecting  s^amoid  witb  metatarsal 
bone.  Sf  portion  of  internal  lateral  ligament  connecting  second  phalanx  with  fiivt; 
S^  ditto  with  seaamoid  body.     T,  fibres  connecting  sesamoid  body  with  first  phalanx. 
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6,  M)  take  nt^arly  the  .same  direction  as  those  of  the  anterior, 
though  they  are  at  some  distance  behind  them.  AH  the  fibres  of 
the  interosaeoua  ligament  are  so  disposed  as  to  retain  their  tension 
in  the  different  positions  of  the  bones;  and  tliey  all  combine  to 
limit  alxl action  of  the  foot,  and  the  accompanying  rotation  of  the 
toes  outwards. 

The  Internal  lateral  ligummt  (PL  LVIII.  fig.  9,  F) 
passes,  from  the  huader  edge  of  the  projecting  internal 
process  of  the  os  calcis,  almost  directly  backwards,  to  the  a*ljacent 
inner  edge  of  the  groove  in  the  astragalus  for  the  tendon  of  tlie 
flexor  longus  pollicis.  The  External  hteral  ligament  (PI.  LV, 
fig.  6,  K)  arises  from  tlie  outer  side  of  the  os  calcis,  in  company  with 
the  external  lateral  ligament  [E)  of  the  ankle,  and  accompanies  it 
to  the  outer  surface  of  the  astragalus,  where  it  is  attached  just  in 
front  of  the  apex  of  the  articular  facet  for  the  fibula.  Both  these 
ligaments  limit  adduction  of  the  foot.  The  Posterior 
ligament  (PL  LVIII.  fig.  9,  G)  is  not  very  strong;  it 
consists  of  short  bundles  passing  bet^veen  the  adjacent  hinder  edges 
of  the  astragalus  and  os  calcis.  Its  fibreii  are  nearly  vertical,  and, 
therefore,  have  little  influence  either  upon  abduction  or  adduction 
of  the  foot. 

The  deltoid,  and  the  external  lateral  ligament  of  the  ankle, 
both  of  which  pass  from  the  leg-bones,  over  the  astragalus,  to  the 
08  calcis,  contribute  to  the  strength  of  the  joint  between  the  astra- 
galus and  the  heel-bone. 


Porterior- 


JOINT  BETWEEN   FIRST  AND   SECOND  TARSAL   KOW. 


JobitlMti 
fintand 
row  of 


The  joint  between  the  first  and  second  row^  of  tarsal 
bonea,  t.  «•  between  the  astragalus  and  os  calcis,  behind, 
^^^  and  the  scaphoid  and  cuboid  in  front,  admits  of  flexion 
di|ki  i«(*iioB.  and  extension  of  the  second  row  upon  the  first  in  an 
oblique  plane.  The  axis  of  the  movement  is  a  line  drawTi  obliquely 
from  within,  outwards,  backwards,  and  downwards,  through  the 
astragalus  and  os  calcis ;  and  the  direction  of  the  movement  corre- 
sponds wuth  the  long  diameter  of  the  anterior  convex  facet  of  the 
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tlie  movement  between  tlie  first  and  second  row  of  tarsal  bones  is 
nearly  restricted  to  the  direction  in  which  the  scaphoid  has  freest 
play  upon  the  astragaltis,  by  the  presence,  and  by  the  mode  of 
confitruction  of  tlie  outer  of  the  two  joints,  viz.  that  between  the 
08  calcis  and  the  cuboid. 

For,  the  articular  surface  of  the  os  calcis  (PI.  LV.  fig.  3,  C) 
is  concavo-convex  from  side  to  side;  and  this  shape  necessarily 
prevents  any  rotation  upon  a  vertical  axis,  as  well  as  any  lateral 
motion  of  the  cuboid  (/?),  which  is  accurately  adapted  to  the  os 
calcia.  Whereas,  from  above  downwards  and  inwards,  that  is  to 
say,  in  the  direction  corresponding  with  the  greatest  diameter 
of  the  head  of  the  scaphoid  (fig.  1,  ^i),  the  articular  surface  of  the 
OS  Caleb  (fig.  2,  C)  presents  a  uniformly  convex  outline,  and  per- 
mits the  concave  facet  of  the  cuboid  (2?)  to  revolve  upon  it  round 
the  oblique  axial  line  which  I  have  described  to  be  the  centre  of 
motion  of  the  second  row  of  tarsal  bones  upon  the  first.  This, 
with  the  exception  of  the  slight  rotation  upon  an  antero-ix>sterior 
axis  above  mentioned,  is  the  only  movement  that  can  take  place 
between  the  os  calcis  and  the  cuboid;  and,  forasmuch  as  the 
scaphoid  and  the  cuboid  are  bound  together  by  ligaments,  and  by 
the  sliapt}  of  their  apposed  surfaces,  the  movement  of  the  scaphoid 
upon  tlie  astragalus  is  limited  to  the  same  direction. 

All  the  ligaments  imiting  the  first  and  second  row 
of  tarsal  bones  are  connected,  behind^  with  the  os  calcis ; 
except  one  (Ph  LV.  fig.  6,  0)  upon  the  joint  between  the  astra- 
galus and  the  scaphoid,  the  fibres  of  ^\'hich  pass,  with  slight 
obliquity^  forwards  and  inwards,  from  the  neck  of  the  former  bone 
to  the  U}>per  surface  of  the  latter,  and  mn  on  to  the  internal  cunei- 
form.    They  are 

1*  The  Inferior  calcaneo-scajihoid  ligament  (PL  LV. 
fig.  1,  C;  PI  LVI.fig.  2,P),  which  extends,  from  beneath 
the  margin  of  the  anterior  fticet  on  the  os  calcis  for  the 
astragalus,  forwards  and  inwards,  to  the  groove  beb^'een  the  pro- 
jecting inner  process,  and  the  posterior  articular  surface  of  the 
scaphoid.  It  becomes  narrower  and  thicker  as  it  approaches  the 
scaphoid ;  its  hinder  edge  is  in  contact  with,  and  indeed  is  blended 
with,  the  deltoid  ligament  (0);  its  under  smface  is  flat,  andprcsenta 
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2,  The  External  ealcuneo^scapJwid  ligaments,  some- 
csMo-Mspboy  times  called  tlie  superior  (PL  LV,  fig,  6,  P)  and  infirior 
^™'"  (fig.  3,  H)  interosseous  liffaments,  are  also  veiy  strong. 
They  are  attached  to  the  os  calcis,  above  and  below  the  ridge 
(fig.  3,  (?)  which  projects  forwards  between  the  anterior  articular 
facet  for  tlie  astragalus  (A)  and  the  facet  for  the  cuboid  {D) ;  and 
they  are  connected  together  by  a  thin  strip  of  fibres  attached  along 
the  edge  of  the  ridge.  Thej  run  obliquely,  forwards  and  inwards, 
to  the  scaphoid  (B) ;  but  a  few  of  their  fihrea  are  connected  with 
the  adjacent  edge  of  the  cuboid*  They  hold  the  bones  very  firmly 
together ;  and  the  oblique  direction  in  which  they  run  is,  like  that 
of  the  inferior  calcaneo-scaphoid  ligament,  so  arranged,  with  refer- 
ence to  the  obliquit^^  of  the  movements  of  the  one  bone  upon 
the  other,  tliat,  while  they  assist  to  limit  each  of  these  movements, 
their  tension  is  maintained  in  every  position  of  the  joint. 

3.  The  Superior  calcaneo-cnboid  ligament  (PL  LV. 
caboid  ii«»-  fig.  6,  Q)  consists  of  two,  three,  or  more,  bands,  which 
^^^  pass  from  the  upper  edge  of  the  articular  surface  on  the 
08  calcis,  with  varying  obliquity,  to  the  tubercles  on  the  upper 
surface  of  the  cuboid,  about  a  quarter  of  an  inch  distant  fi^om  its 
hinder  edge.  The  obliquity  of  their  course,  and  the  distance  of 
their  insertion  from  the  edge  of  the  cuboid,  are  so  adjusted  that  they 
permit  the  movements  of  that  bone  upon  the  os  calcis  to  take  phice 
widiin  tlie  required  range,  andj  at  the  same  time,  prevent  their 
exceeding  it*  4.  The  Inferior  calcaneocuboid  ligament  (PL  LVI< 
fig*  2,  Q,  and  LVIII,  fig,  9,  N)  is  of  considerable  strength ;  it 
radiates,  from  the  tubercle  on  the  under  and  fore  part  of  the  os 
calcis,  to  the  ridge  on  the  middle  of  the  under  side  of  the  cuboid 
bone ;  and  some  of  its  fibres  extend,  beyond  the  ridge,  beneath  the 
peroneus  tendon,  to  the  heads  of  the  outer  two  metatarsal  bones. 
It  is  the  main  support  of  the  outer  part  of  the  arch  of  the  instep ; 
and  it  limits  the  extension  of  the  cuboid  upon  the  os  calcis,  that  is 
to  say,  it  limits  the  extension  of  the  second  row  of  tarsal  bones 
upon  the  first.  The  space  enclosed  by  this  ligament,  beneath  the 
calcaneo-cuboid  joint,  between  the  projecting  tubercle  of  the  os 
calcis  and  the  ridge  of  the  cuboid,  is  occupied  by  soft  fat.  The 
immediately  contiguous   edges  of  the  os  calcis   and  cuboid  are 
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the  joint  between  the  internal  and  niidtlle  cuiieiform  (PL  LV-  fig.  4, 
A  and  B)  arc  flat,  and  permit  only  a  slight  sliding  of  one  bone 
upon  the  other ;  that  of  the  middle  cuneiform  (B)  presents  a  dis- 
tinctly concave  facet,  capable  of  revolving  in  a  limited  range  upon 
the  convex  fucet  of  the  outer  cnneitbrm  (0);  and  the  facet  of  the 
cuboid  (/))  IS  also  slightly  concave,  though  less  so  than  that  of 
tho  middle  cuneifonn.  The  cuboid  and  the  internal  cuneiform  lie 
very  oblif^uely;  and  the  narrowing  or  widening  of  the  plantar  arch 
is,  therefore,  eiFected  by  their  sliding  up  and  down,  as  well  as  by 
their  revolving  upon  the  other  cuneiform  bones. 

With  regard  to  the  connexion  of  the  cuneiforai 
tween  icaphoM  boncs  with  the  Bcaphoid,  the  articular  suxfaccs  hetwoen 
that  bone  and  the  two  internal  cuneiform  (PI.  LYIII, 
figs,  6  and  7)  are  comparatively  elongated  and  flattened  fi^om  above 
downwards,  or  slightly  undulating,  so  as  to  permit  very  little 
motion ;  whereas  the  joint  between  the  external  cmieifonn  and  the 
scaphoid  (fig.  8)  is  of  the  ball-and-socket  kind — a  slightly  pro- 
jecting splierical  facet  of  the  former  bone  being  received  into  a 
superficial  cup  in  the  latter — ;  so  that  the  conformation  of  these 
three  joints  corresponds  with  that  of  the  joints  described  in  the 
last  paragraph,  inasmuch  as  it  permits  the  two  inner  cuneiform 
and  the  scaphoid  bones  to  revolve  together  upon  the  external  cunei- 
form, during  the  widening  and  narrowing  of  the  sole  of  the  foot. 

The  joints  between  the  cuneiform,  the  cuboid,  and  the  scaphoid 
bones,  are  stTengtheued  by  dorsal  (PI.  LV*  fig.  6,  E,  S),  inter- 
OBseous,  and  plantar  (PL  LVI.  fig.  2,  S)  ligaments,  which  pass, 
with  varying  degrees  of  obliquity,  between  the  several  hones. 
They  are  so  arranged  as  to  permit  very  little  movement  and  to 
retain  their  tension  in  the  varying  positions  of  the  joints.  The 
stronger  ones  are  on,  or  near  to,  the  plantar  aspect. 


TARSOMETATARSAL  JOINTS. 


The  joint  between  the  5th,  or  small,  metatarsal  bone  and  the 
tarsus  resembles  the  corresponding  joint  in  the  hand,  inasmuch  as 
it  permits  a  certain  amount  of  flexion  and  extension ;  and  the 
4th  metatarsal  bone  may  be  moved  in  the  same  way,  but  in  a 
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The  Sesamoid  h(}d.!es  are  the  chief  feature  in  these 
*"*^  joints,     Tliey  consist,  in  the  ca'^e  of  the  outer  four  toes, 

of  square,  flat  plates  of  cartilage,  situated  upon  the  plantar  aspect 
of  the  joints  ;  their  upper  surfaces  are  in  contact  with  the  heads  of 
the  metatarsal  bones,  and  are  covered  by  synovial  membrane ;  their 
tmder  surlacea  are  in  contact  with  the  flexor  tendons,  and  are 
covered  by  the  sjTiovial  sheaths  of  these  tendons;  their  anterior 
edges  are  connected,  by  strong,  short,  ligamentous  fibres,  with 
the  adjacent  parts  of  the  phalanges ;  and  their  hinder  edges  are 
connected,  by  weaker,  ligamentous  fibres,  and  areolar  tissue-, 
with  the  heads  of  the  metacarpal  bones,  just  behind  the  over- 
hanging edges  of  the  articular  surfaces ;  their  lateral  margins 
receive  fibres  from  the  lateral  ligaments,  above,  and  are  closely 
united  with  the  sheaths  of  the  flexor  tendons,  beneath. 

The  several  sesamoid  bodies  are  also  united  together 
by  short  ligaments  (PL  LVI.  fig,  l,if),  which  extend 
transversely,  fi'om  one  to  the  other,  across  the  interspaces  between 
the  joints.  The  innermost  of  these  transverse  ligamentous  bands 
runs  to  the  external  sesamoid  bone  of  the  great  toe.  Thus,  by 
meaDB  of  the  sesamoid  bodies  and  their  connecting  ligaments,  is 
formed  the  Transverse  lifjmneni^  which  extends  from  the  pollex  to 
the  little  toe,  and  which  holds  the  distal  ends  of  the  metatai'sal 
bones  together. 

utcm]  iigi*  Each  joint  is  provided,  on  either  side,  with  a  Lateral 

**^**  Ittjamentf  which  radiates,  from  the  tubercle  on  the  aide 

of  the  head  of  the  metatarsal  bone,  to  the  side  of  the  proximal  ex- 
tremis of  the  phal«anx,  and  to  the  adjacent  edge  of  the  sesamoid 
body*  Its  origin  firom  the  metatarsal  bone  is  rather  above  the 
centre  of  motion  of  the  joint ;  hence  it  becomes  most  tense  during 
flexion,  and  tends  to  limit  tliat  movement,  as  well  as  the  adduction 
and  abduction  of  the  phalanx,  During  extension  the  lateral  liga- 
ments become  a  little  relaxed,  and  permit  a  slight  amoimt  of  ad- 
duction and  abduction  to  take  place.  They  are  connected  together, 
above,  by  thin  fibres,  which  extend  across  the  dorsal  aspect  of  the 
joint  and  form  a  capsular,  or  superior,  ligament;  on  the  plantar  sur- 
face they  are  united  only  by  the  sesamoid  bodies. 
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of  the  cartilaginous  surfaco  of  the  bead  of  tLe  metacarpal  bone,  and  itji 

liability  to  sprains,  and  otlier  injuries,  are  tbe  causes  of  tMs  joint  being 

so  liable  to  acute  and  cbromc  diseases  of  tbe  cartOages  and  bones,  to  gout 

and  other  affections. 

jMixmity  ^*  ^^  '^^^^  remarked  (p.  503),  that  tbe  metatarsal  bones, 

ft*«"«rtin        slant  inwai-ds  from  tbe  tarsus.     In  tbe  well-sbaped  foot  tbe 

th«m«tat«no-  '^ 

phajjuigeAi        phalanges  are  directed,  not  quite  in  the  same  line  with  tbe 

^  metatarsal  bones,  but  nearly  straight  forwards,  so  as  to  form  a 

very  obtuse  angle  with  tbemj  and  tbe  natural  effect  of  tbe  unrestrained 

action  of  the  various  muscles  connected  with  the  phalanges  is  to  lessen 

tbe  obtuseness  of  tMs  angle,  and  to  make  tbe  toes  slant  more  outwards* 

This  tendency  is  too  commonly  assisted  by  the  tight  bard  heavy  shoes  in 

which  the  foot  is  confined,  or  by  the  bruiaiag  to  which  it  is  subjected  in 

those  who  go  shoeless  upon  hard  roads  and  paved  streets.     Hence  tbe 

great  toe  often  loses  its  proper  direction  and  acqidres  a  slant  outwards, 

thus  oblitdratiug  the  interval  between  it  and  tbe  next  toe.   Sometimes  it 

not  only  presses  upon  the  latter,  but  crosses  quite  over  or  under  it  Such 

displacement  is  necessarily  attended  with  detriment  to  tbe  other  toes; 

and  it  leaves  the  metatarsal  bone  of  tbe  great  toe  prominent  on  the 

inner  side  of  tbe  foot,  and  liable  to  be  inflamed  and  covered  with  bunions 

and  corns. 
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responds  witJi  the  arc  of  each^;  and  the  weight  of  tlie  body  has,  there- 
fore, a  tendency  to  increase  the  degree  of  the  several  flexures. 
ThoM  tn  lower  It  hi  interesting  to  observ^e  the  effect  wliich  this  tendency 

M^f  »^  practically  has.  In  the  pelvis  it  produces  no  effect  at  all ; 
miiscuiv  efTort  because  the  sacrum  and  the  iliac  bones  are  bo  ffrmly  unitod 
at  the  synchondrosia  that  they  may  be  regarded  as  one  bone,  and  the 
curre  formed  between  them  is  of  unvarying  shape.  At  the  hips,  where 
the  bones  which  form  the  curve  are  more  moveable,  the  line  of  weighty 
fill  ling  in  the  arc  of  the  curve,  that  is,  behind  the  joints,  tends  to  pro- 
duce further  extension  of  the  pelvis  upon  the  thighs*  This  is,  however, 
resisted  by  the  **  accessory  ligamenta**  (page  513);  and,  owing  to  that 
resistance,  tlie  effect  of  the  weight  is  simply  to  maintain  the  joints 
fijced  and  steady  in  a  state  of  extension.  The  strain  is  thrown  upon  the 
accessory  ligaments;  and  the  muscles  are,  in  great  measure,  relieved. 
In  like  manner,  in  the  case  of  the  knees,  the  ends  of  the  leg  and 
thigh-bones  arc  thrown  back  when  the  limbs  are  fully  extended;  so 
that  the  plane  of  gravity  falls  a  little  in  fixjut  of  the  joints,  a  fixed 
state  of  extension  is  maintained,  and  the  weight  is  borne  by  the  crucial, 
lateral^  and  poaterior  ligaments,  which  are  then  tense,  to  the  complete 
relief  of  the  various  extensor  muscles.  By  these  provisiona,  therefore, 
in  the  form,  position,  and  direction  of  the  several  curves,  steadiness  is 
ghren  to  the  lower  extremities  in  the  erect  posture,  and  muscular  force 
is  greatly  economised 

The  currta  an  ^^  ^^^  ^^  the&e  two  instances  the  cur\'e  is  formed  only 

iu«hk  i^  tjj^j  completely  extended  state,  and  is  very  slight;  it  is 

only  sufficient  to  throw  the  plane  of  gravity  in  front  and  behind  the 
respective  joints,  and  just  attains  the  object  desired.  Had  the  flexures 
been  greater  the  joints  would  have  been  weakened,  the  ligaments  would 
have  been  subjected  to  fer  greater  strain,  and  other  inconveniences  would 
have  resulted,  without  any  compensating  advantage, 
BodrCdii  The  various  curve*,  and  the  parts  of  the  skeleton  which 

m^iei^  ^<*™*  them,  are  so  disposed  that,  in  the  erect  posture,  the 
i*^y^«^  head  is  Ttearly  balanced  upon  the  trunk,  the  trunk  is 
nearly  balanced  upon  the  tliighs,  and  the  latter,  with  the  legs,  are 
nearly  balanced  upon  the  astragali.  In  the  case  of  the  head,  however, 
as  mentioned  at  page  316,  when  it  is  in  the  ordinary  position,  with 
the  eyca  looking  straight  forward,  or  downward,  the  weight  pi^eponde- 


1  In  other  words,  the  Ans  of  the  curves  aod  the  line  of  gr&vity  He  in  the  i 
plane. 
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and  the  pel™,  retaining  ita  proper  level,  is  in  a  proportionate  degi-e^ 
addoeted  to  the  tliigh.  By  tliis  means  the  line  of  gravity  of  the  trunk 
ia  placed  perpendicularly  over  the  ankle,  the  yielvia  is  slung  upon  the 
Btrong  fibres  of  the  "superior  accessory  ligament'^  of  the  hip  (page  515), 
and  the  other  limb,  a  little  bent  and  placed  "at  ease"  upon  the  ground, 
serves  to  maintain  the  balance  of  the  body. 

In  Stooping  (fig.  2)  the  trunk  is  inclined  fon^^ards  by 

the  rotation  of  the  peliTS  upon  the  thighs,  the  lower  limbs 
are  inclined  backwards  firom  the  feet  by  extension  of  the  ankle-jointa, 
and  the  buttocks  are,  thereby,  made  to  project  backwards,  bo  as  to  assist 
in  maintaining  the  balance.  Nevertheless,  if  the  movement  1>e  carried 
beyond  a  certain  point,  the  centre  of  gra\dty  passes,  forwanls,  to  some 
point  between  the  ankles  and  the  balla  of  the  toes]  and  the  position  is, 
consequently,  difficult  to  maintain. 

In  a  further  degree  of  stooping  (or,  a^  it  may  be  called 

to  distinguish  it  from  stooping,  Sqimttin^)  (figs.  3  and  4) 
the  trunk  and  the  extremities  are  bent  in  a  zigzag  manner  by  flexures, 
in  alternate  directions,  at  the  hip,  knee,  and  ankle;  and  the  weight  is 
thrown  upon  the  balls  of  the  toes.  The  amount  of  flexure,  forwards,  at 
the  knee,  nearly  equals  that  of  the  llexure,  backwards^  at  the  ankle 
and  hip  taken  together.  If  it  did  so  quite^  and  if  the  leg  an<l  thigh 
were  of  equal  length,  the  head  of  the  femur  would  still  be  maintained 
over  the  ankle,  and  the  pelvis  would  descend  in  a  vertical  plane. 
There  would,  then,  have  been  groat  difficulty,  or  even  an  impossibility, 
in  maintaining  the  balance  upon  the  fore  part  of  the  foot;  because,  in 
this  movement,  the  trunk  is  inclined  considerably  forwards,  partly,  for 
the  purpose  of  directing  the  eyes  downwards,  and  the  arms  are  also 
generally  thrown  forwards  to  handle  or  pick  up  objects  on  the  ground ; 
80  that  the  w^eight  of  the  head,  trunk,  and  arms  would  have  prepon- 
derated considerably  in  front  of  the  resting  point  upon  the  ground,  and 
a  great  muscular  eff'ort  would  have  been  required  to  prevent  the  body 
fi?om  falling  forwards.  In  consequence,  however,  of  the  thighs  being 
made  longer  than  the  legs,  the  buttocks  are  thrown  beliind  the  ankles 
when  the  extremities  are  bent,  and  tend,  in  some  measure,  to  counter- 
balance the  weight  of  the  heml  and  upper  part  of  the  trunk  which 
are  advanced  in  JrorU  of  the  ankles.  This  is  one  of  the  objects  attained 
by  the  great  proportionate  length  of  the  femur,  which  has  been  men- 
tioned (pp.  90  and  466)  as  constituting  one  of  the  peculiarities  of  the 
hmnan  skeleton. 
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limb  is  lengtliened,  first,  hy  the  atraiglitening  of  the  knee  and  hip,  and^ 
then,  by  the  ci»ntmned  extension  of  the  ankle,  whereby  the  heel  is  raised, 
so  that,  at  last,  only  the  balk  of  the  toes  and  the  phalanges  rest  upon 
the  ground.  By  tliis  leDgthening  of  the  limb  a  sufficient  impiibe  is 
given  to  the  trunk  to  cany  it  forward  upon  the  other  extremity  {/^), 
which  ifi  now  placed  upon  the  ground  to  bear  it ;  and,  whereas  In  the 
first  stage,  the  limb  was  inclined  /orwarda  from  tbe  trunk,  to  be  ready 
to  receive  the  weight  of  the  body,  it  is,  now»  inclined  backwBjrd&  from  the 
trunk,  to  be  in  a  favourable  position  to  communicate  an  onward  impulse 
to  the  trunk. 

The  turning,  or  revolving,  movement  which  the  foot  makes  upon 
the  ground,  in  these  tliree  stages,  haa  been  not  inaptly  compareil  to 
that  of  the  segment  of  a  wheel  passing  over  a  horissontal  plane ; 
although  the  comparison  is  not  very  exact,  forasmuch  as,  besides  other 
differences,  the  whole  length  of  the  foot  re^ts  upon  the  ground  during 
one  part  of  the  process,  and  the  centre  point,  or  astragalus,  which  would 
correspond  with  the  axle,  describeci,  not  a  horizontal,  but,  a  curvilinear 
movement,  in  couxsequence  of  its  distance  from  the  to^  being  greater 
than  that  from  the  hecL 

When  this  rotatory  motion  of  the  foot  ha^  been  com- 
which  th*  font  pleted,  and  the  last  impulse,  derived  from  the  straightening 
ia  off  the  ^£.  ^^^  limb,  has  been  cotmnunicated  to  the  trunk,  so  that 

the  forward  movement  of  the  latter  is  continued,  the  toes 
are  raised  from  the  ground  by  the  flexion  of  the  ankle,  and  the  ex- 
tremity, a  little  shorten eil  by  the  bending  of  the  knee,  is  swung,  from 
behind,  close  beside  the  other  limb,  and  is  ailvanceil  in  fi-ont  of  it, 
so  IS  to  be  i^in  planted  upon  the  ground  ready  to  receive  the  weight 
of  the  body* 

In  the  first  stage  of  the  swinging  movement,  w^hile 
the  foot  is  behind  the  other,  the  toes  ore  pointed  towards 
the  ground  (fig.  6,  Z)^  in  consequence  of  the  ankle  retaining  some  of 
the  extension  which  it  had  before  the  movement  began;  the  le^  and 
foot  may  also  be,  sometimes,  observed  to  undergo  a  slight  rotation  at 
the  knee,  in  such  a  manner  as  to  cause  a  turning  of  the  toes  inwards. 

In  the  second  stage  of  the  swinging,  when  the  foot  is 
beside  the  other,  and  hangs  vertically  beneath  the  trunk, 
the  sole  has  become  parallel  with  the  groimd,  and  the  toes  are  directed 
straight  forwartl,  the  ball  of  the  great  toe  fiassing  beside,  and  beneath, 
the  internal  malleolus  of  the  other  leg,  so  as  just  to  avoid  it. 
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heads  of  the  tliig]i-lx>iie8  ;  and,  portly,  "by  the  mode  in  wliicb  the  different 
sets  of  muscleSj  of  the  opj>o«dte  aides,  are  made  to  a&imt  and  counter- 
bolimce  one  another. 

It  rfiee  And  ^^^  instance,  it  has  just  been  said  that  each  lower  liinb, 

f*iii  very  little,  ^fj^^  g^j^  placed  upon  the  ground,  is  a  little  bent  at  the 
knee  and  extended  at  the  ankle;  that,  when  the  trunk  is  passing  verti- 
caUy  orer  it,  the  knee  is  still  bent^  and  the  hip  and  ankle  are  also 
slightly  bent ;  and,  fiiHher,  that  as  the  trunk  Ls  advanced  forwards,  the 
limb  is  graduaUy  longtliened  by  the  extension  of  the  knee  and  the 
raising  of  the  heel  Kow,  the  shortening  of  the  limb  in  one  stage  of 
the  step,  and  the  lengthening  of  it  in  another,  are  so  regulated,  with 
r^^d  to  the  perpendicolar  and  oblique  positions  of  the  limb  in  the 
several  stages  of  the  step,  as  to  maintain  the  head  of  the  femur,  and 
with  it  the  trunk,  almost  at  a  uniform  level.  Hence,  when  we  walk 
with  a  deliberate  easy  step  the  head  is  not  moved  up  and  down,  so  much 
as  we  niight  suppose  that  it  would  be,  but  describea  luarly  a  straight 
UnCf  and  is  carried  at  a  somewhat  lower  level  than  the  height  of  the 
person  when  standing  erect.  If,  however,  the  step  be  long  and  mea- 
sured, and  the  knee  be  straightene<l  before  the  foot  is  placed  on  the 
ground,  as  in  the  case  of  soldiers  marching,  the  body  is  moved  in  a  more 
distinctly  wavy  line;  it  may  be  seen  to  rise  when  it  passes  vertically 
over  each  limb,  and  to  descend  in  the  interval  between  those  penods. 
This  is  attended  with  more  muscular  effort,  and  is  consequently  more 
fatiguing. 

The  body  is  not  swayed  from  nde  to  aide  when  the 

lfDOtiW»jr«d  .    ^  -^  ,  lit 

i*io      weight  is  transfeiTcd  from  one  leg  to  the  other;  because  the 


^^  extremities  are  slanted  inwards   firom  the  pelvis,   in  such 

a  manner  that  each  foot  is  placed  upon  the  ground  very  nearly  in  the 
antero-posterior  plane  of  gra\^ty ;  and  any  tendency  of  the  tiiink  to  l>e 
inclined  to  the  opjioaite  side,  in  consequence  of  the  foot  not  being 
exactly  beneath  the  centre  of  gravity,  is  neutralij^d  by  the  impulse,  in 
an  opposite  direction,  which  has  just  been  received  from  the  other  leg, 
and  by  the  contraction  of  the  musclea  which  steady  the  pelvis  upon  the 
thigh.  The  rolling  ungainly  movement  of  the  should  era,  which  we  aomo- 
tdmes  observe  in  persona  as  they  walk,  is  an  acquired  habit;  or  it 
results  from  great  width  of  pelvis,  or  fnim  the  extremities  descending  in 
too  vertical  a  manner,  or,  which  is  perhaps  the  most  frequent  c^use, 
from  the  legs  slanting  outwards,  from  the  knees,  to  the  ground* 
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to  llie  velocity  of  the  movement ;  so  must  the  trunk  be  b^Bt  upon  the 
pelvis,  more  or  less,  accoixling  to  the  rate  of  progression  \  The  distance 
from  the  acet^bula  to  the  top  of  the  head  being  one  half  of  the  height 
of  the  whole  bjdy,  and  the  upper  half  being  the  heavier*,  the  requisite 
inclination  of  the  trunk  forwards  ooiild  not  be  carried  to  any  great  extent 
without  danger  of  frequent  overbalaneing  of  the  body,  were  it  not  for  the 
&ct  that  the  knee  is  alwajrs  more  or  leaa  bent  when  the  body  is  moved 
onwarfl;  and  this,  owing  to  the  great  proportionate  length  of  the  human 
thigh,  throws  the  pelvis  backward,  as  has  been  jnst  mentioned,  and  the 
weight  of  the  buttocks  in  part  c<>unterl3alance3  that  of  the  head  and 
shoulders.  Moreover,  when  tlie  pac€  is  quickened,  and  the  inclination 
of  the  trunk  is  increased,  the  knee  is  always  more  bent;  and  the  pehna 
is,  consequently,  thrown  fm-ther  back,  as  well  as  maintained  at  a  lower 
level 

It  is  found  that  the  rapidity  with  which  the  several 
tiritii  linith  st*ige8  of  each  step  are  conducted  as  projwrtionate  to  the 
JJ^jJJJ*'**"  lengtli  of  the  step;  that  is  to  say,  the  longer  the  step  the 
quicker  is  it  made.  Hence  the  rate  of  progress  is  accelerated 
by  an  increase  of  both  the  length  and  the  celei^ty  of  the  step  at  the 
same  time.  The  quicker  the  movement  the  longer  is  the  step,  and  the 
shorter  also  is  the  period  during  which  the  two  feet  are  upon  the  ground 
together.  The  fiastest  walking  is  when  this  period  is  reduced  to  a  mini- 
mum,  the  one  foot  being  withdrai^Ti  from  the  ground  directly  the  other 
is  placed  upon  it ;  and  the  rate  at  which  the  body  can  be  moved  along^ 


'  "  It  is  well  known  thut  when  any  portion  of  a  rigid  body  receives  motion  from  % 
tieighbouriDg  body,  aE  the  p&rta  of  the  rigid  body  wUl  pskrlnke  of  the  Bame  motion,  only 
wbim  the  direction  of  the  force  passefi  from  the  point  of  contact  through  the  oentre  of 
grarity.  If  thia  li  not  the  case,  aa,  for  example,  when  the  upper  extremity  of  the  pro* 
pelltzig  leg  acta  on  the»  lower  part  of  the  trunk  of  the  humaii  body  in  the  erect  podtioii« 
the  lower  part  would  be  propelled  forwarda  and  upwardii,  whilst  the  centre  of  graTity 
of  the  trunk  would  be  left  behind,  and  fall  backwards  ;  but  if  thia  centre  be  inclined 
forwarda  at  the  beginning  of  the  ittep,  the  weight  of  the  body  and  its  required  momen- 
tum will  propel  it  forwards  and  downwards;  henoe  the  reaultant  of  the  several  forces 
will  be  a  force  which  propela  the  body  forwards  in  a  direction  which,  by  experience,  is 
found  to  be  nearly  horisontal  t  but  there  m  also  anothtfr  force  which  affects  the  trunk, 
namely,  the  resisiuoe  of  the  air,  which  tends  to  turn  the  trunk  backwards,  and 
must  be  counteraoled  by  Ike  force  of  gravity,  through  the  ioclitiation  of  the  trunk 
forwarda.  The  amoant  of  this  coustant  inclination  of  the  trunk  muat  be  estimated  by 
the  lesistaQoe  wMch  it  encounters  from  the  air  in  walking  and  running.'*  John  Kabop 
in  Vycl.  Anat.  \n.  459, 

'  The  horiasontal  plane  of  the  centre  of  gravity  waa  found  by  Weber  to  lie  about 
half  an  ineb  above  the  promontory  of  the  sacrum. 
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in  walking,  is  limited  by  tin;  length  of  tlic  striile  anil  the  celerity  with 

which  the  wveral  stages  of  the  step  can  be  conducted. 

If  greater  rapidity  be  required,  Running  ia  aubstttnted 

The  difference  ia  that  the  trunk,  instead  of 

being  quietly  delivered  r»ver  from  ooe  leg  to  the  other  which 

.  ia  ali^ea^ly  upi>n  the  ground  to  receive  it,  is  thrown  forward, 

with  a  spring,  by  the  muitcles  of  the  leg  wliich  is  leaving  the  ground,  and 

remains,  for  a  time,  suspended  in  the  air,  or,  rather  tlying  through  the 

air.     Hence,  in  ninning,  both  fmi  are  in  tJm  air  at  (he  beginning  and 

CTid  oj  each  itep^  that  ia,  in  the  periods  corresponding  to  those  in  which 

lioth  are  ujKin  the  ground  in  walking;  and  the  length  of  the  step  iB 

no  longer  limited  by  the  length  of  the  stride,  which  can  be  taken  while 

both  feet  are  upon  the  ground,  but  suf^eradded  to  that  is  the  distance  to 

which  the  body  can  be  driven  through  the  air  while  both  feet  are  off  the 

ground.     It  need  scarcely  be  remarked  that  this  propulsion  ia  attended 

with  great   eflbrt,   and  that  ruuning  is,  therefore,   considerably  more 

fatiguing  than  walking. 

In  runninij.  the  period  during  which  each  foot  is  upon 
iVrtodinwhJcli    ,  b>  r  &  r 

liMifootiMon     the  ground  (fig.  D,  7?)  ia  shorter  than  that  in  which  it  is  in 

*™'*^*  '  the  air;  and  the  disproportion  increases  with  the  quickness 
of  tlie  step.  Indeed,  in  fast  ninning  the  foot  is  on  the  giound  only 
during  the  short  time  in  which  the  trunk  is  passing  vertically  over  it, 
and  during  the  first  paiii  of  tlie  time  in  which  the  trunk  is  being  ad- 
vanced in  front  of  it.  The  limb  is  at  first  bent  at  the  knee  and  hip,  and 
becomea  quickly  Btraig!itene<l  j  the  changes  which  take  place  correspond- 
ing with  those  in  the  second  and  thiixl  stages  of  the  same  period  in 
walking.  Tliough  the  fii^t  stage  can  scarcely  be  said  to  exiat  in  running; 
for,  m  just  mentioned,  by  the  time  the  foot  has  reached  the  ground  the 
trunk  is  already  vertically  over  it,  or  nearly  so;  wliilst  the  heel  scarcely 
touchea  the  ground,  and  the  foot  revolves,  almost  exclusively,  upon  the 
balls  of  Uie  toes.  The  impulse  which  is  communicated  by  the  sudden 
and  forcible  lengthening  of  the  limb  is  sufficient  to  drive  the  whole  body 
tlirougli  the  air  for  a  certtiin  dintance,  and  to  urge  it  onwards  during  the 
chief  part  of  the  period  in  widch  the  other  leg  is  upon  the  ground. 

When  the  limb  has  completed  its   extension  and  has 
Fertod  lu  wJilch  * 

Uw  fool  k  off     given  to   the  body   the  impulse   resulting  therefrom,  it  is 

^*"™'^       misdd  from  the  ground  (fig.  8,  Z),  i>ailly,  in  consequence  of 

ita  hting  carried  on  by  the  forwanl  movement  of  the  trunk,  and,  jmrtly, 

in  consequence  of  the  flexion  of  the  hip  and  knee,  wliich  results  from 
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muscular  action ;  and  it  liegms  to  be  swung  forward  before  the  other  foot 
reaches  the  grtiund*  The  swinging  takes  ] place  quickly;  the  limb  (fig,  9, 
L)  is  thereby  carried  beside,  and  to  the  front  o^  the  other  limb  {/iQ, 
which  ii4  upon  the  ground;  and  the  forward  movement  is  continued 
for  a  abort  time  after  the  latter  {/?,  fig.  10)  has  left  the  ground.  The 
foot  (Zj  fig,  10)  does  not  advance  so  &r  in  front  of  a  perpendicular 
line  failing  through  the  hip-joint,  as  if  it  had  been  (Z,  ^g.  8)  situated 
behind  the  same  line;  because  the  rapid  progress  of  the  trunk  does  not 
give  sufficient  time  for  the  completion  of  the  pendulnm-like  movement 
and  the  extension  of  the  limb.  The  quicker  the  progress  of  the  trunk  the 
greater  is  the  disproportion  between  the  angles  foi-med  by  the  extremity 
in  front  and  behind  the  perpendicidar  line ;  and  in  the  fastest  ninning 
the  anterior  angle  is  lost  altogether,  the  foot  being  just  brought  up  to, 
but  not  advanced  in  front  of,  the  perpeudicular.  It  follows  fix>m  this,  as 
well  as  from  the  fact  of  the  two  linibs  swinging  in  the  air  at  the  same 
time,  that  a  greater  number  of  steps  can  be  taken  in  a  given  time  in 
running  than  in  walking. 

Both  the  canying  and  the  swinging  limb  are  more  bent 
bBotth*nin      in  running  than  in  walking,  when  they  are  placed  vertically 

beneath  the  trunk;  whereby  the  swingiug  movement,  and, 
oansequeutly,  the  step,  is  still  further  qtnckened,  the  propulsive  power 
is  increased,  and  the  body  is  carried  at  a  lower  level. 

The  trunk  is  carried  along,  by  virtue  of  the  same  provi- 
faaatniBbt      sions  as  tu  Walking,  nearly  in  a  straight  line,  with  scarcely 

any  rising  and  falling',  without  swaying  forwards  and  back- 
wards, or  to  either  side,  and  without  rotation.  The  inclination  of  the 
trunk  forwards  is  regidated  according  to  the  velocity  of  the  movement ; 
and  its  balance  is  preserved  by  the  proportionate  resistance  of  the  atmo- 
sphere, by  the  projection  of  the  buttocks,  which  is  an  attendant  on  the 
flexure  of  the  knees  and  hii>s,  and  by  the  powerfid  contractions  of  the 
several  muscles. 

Walking  and  running  are  the  common  modes  of  progression,  and  the 
most  imijoi-tant  movements,  of  the  body.  It  would  be  entering  on  too 
w4de  a  field,  however  interesting  the  subject,  to  attempt  to  explain  the 
mot! 6  in  which  the  various  other  movements  of  the  human  frame  (such 
as  hoppiog,  lea^nng,  turning,  &c)  are  eifected. 


^  Weber  njs  that  the  vertical  movement  b  ovon  less  tban  in  widking ;  and  that 
the  tmnk  is  lowest  when  passing  perpendicularly  over  ea«h  limb,  insteikl  of  being 
then  higbcBt,  which  he  find*  from  his  ejcperimenta  to  be  the  case  in  wiiUdng. 
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the  cer^bro-spinal  nervous  axis,  above,  and  the  circulating,  digestive  and 
respiratory  viscera,  beneath;  they  are,  therefore,  well  named  the  cerUra, 
They  are  in  close  relation  to,  and  are  developed  in  close  connection  with, 
the  ganglia  which  form  the  primitive  constituents  of  the  cerebro-spinal 
neural  axis;  each  centrum  corresi>onding,  apparently,  with  a  pair  of 
these  ganglia.  Their  shape  uauallj  approximates  to  that  of  a  sphere ; 
but  sometimes  deviates  firom  it  very  conaideTably-  One  of  the  modifi- 
suntm^Bid  cations  is  caused  by  out-growths  irom  the  superior  or 
•tilKwatrfci        inferior   sur&ce   of    the   centrum.       Those   in   the   former 

fiituatioQ^ — such  aa  the  posterior  clinoid  processes  of  the 
sphenoid  bone,  and  the  crista  galii  of  the  (ethmoid — ^may  be  called 
Supror-ceTiiral;  those  upon  the  under  snrface^ — such  as  the  prominences 
on  the  fore  part  of  the  cervical  vertebne,  and  the  rostrum  or  azygos  pro- 
MOi  of  the  sphenoid— may  be  called  Svb-centrcd.  They  are  usually  mere 
out-gTOwthi* ;  but  it  appears  that,  when  large^  they  may  be  developed 
from  separate  osseous  nuclei ;  and  it  is  probable  that  the  inferior  arch 
of  the  atlas  is  of  this  nature. 

The   neural   axis  lies   upon   the   npper  surface   of  the 

centra,  enclosed  in  a  tube  which  is  formed  by  a  series  of  bony 
arches  called  Theural  Ardiea  (fig.  1).  Each  of  the  neural  arches  rests  by  a 
pedicle,  on  either  side,  upon  one  of  the  contra,  and,  with  it,  constitutes 
m  complete  transverse  segment  of  the  neural  Tube;  and  each  neural  arch 
is  comiK>sed  of  lateral  portions,  or  alse — the  rimiral  Aim — which  spring 
firom  the  sides  of  the  centrum,  and  which  may  be  oon^uent  in  the 
middle  line,  above,  or  may  be  united  by  one,  or  two,  mesial  portions — 

the  neurcU  Spines,     In  the  spinal  column  the  neural  spines 

are  often  absent,  or  are  merely  small  osseous  nuclei  formed 
at  the  tip  of  the  process  which  runs  from  the  point  of  union  of  the 
neural  alse  (p.  121);  in  the  cranium,  however,  they  form  an  important 
part  of  the  covering  of  the  brain* 

rt*hr»i  Between  the  pedicles  of  the  neural  alse  of  contiguous 

foramiM.  vertebne  are  spaces  —  the  Initrveriehrid /oramina — which 

traiimnlt  vessels  and  nerves  to  and  from  the  neural  canal.  In  the  era- 
mum  the  nerves  and  vessels,  which  are  more  numerous  than  in  the  spine, 
pass  not  only  through  tlie  intervertebral  foramina,  but  through  perfora- 
tions in  the  pe<iicles. 

^^_j^  FrocefiseB  grow  out  from  the  neural  al^s,  on  either  side, 

!""■"*■  in  front  and  behind,  which  come  into  contact  with,  and  are 
jdnted  with,  corresponding  processes  of  the  contiguous  vertebr® — these 
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are  the  Articulating  processes.  In  tke  cranium^  where  the  edges  of  the 
adjacent  alae  are  united  in  nearly  their  whole  length,  special  articulating 
proceesea  are  not  required ;  and  their  representatives  can  be  distingiiiahed 
only  in  the  cartilaginous  jugular  facets  of  the  occipital  bones^  and, 
perhaps,  in  the  so-called  spinous  processes  of  the  sphenoid  bone, 
^.^^^^  Transverse  processes  also  grow  out  from  the  neural  alfiB, 

!>">««»■  one  or  two  on  either  side.     When  there  are  two,  a8  in  the 

cenrical  vertebi-ae,  they  are  usually  placed  one  above  the  other,  the 
lower  one  springing  from  near  the  inferior  extremity  of  the  peilicle^ 
close  to  the  attachment  t^  the  centrum ;  and  they  enclose  between  them 
a  space,  which  contains  an  ai'tery.  Tim  space  may  be  closed  on  the 
diatal  aide  by  the  confluence  of  the  two  traiLsverae  processes;  it  is  thus 
converted  into  a  foramen — the  transverse  Jbrarnen^ 
^^  Or,  a  separate  piece  of  bone  may  be  appended  to  the 

transverse  processes  on  either  side,  to  one  or  both  as  the 
case  may  be*  It  may  become  ankylosed  with  them,  as  in  7th  cervical 
vertebra;  or  it  may  remain  sepanite,  as  in  the  dorsal  region.  It  may 
be  caDed  the  Trarismrse  Ala,  Where  it  remains  sepai-ate  it  is  most 
oomraonly  incEned  downwards  {&g,  2),  on  the  side  of  the  visceral  cavity; 
and,  contributing  to  form  the  lateral  wall  of  that  cavity,  it  is  called  a 
rib.  In  sf»me  parts  of  the  cranium,  however,  where  the  size  of  the 
neural  cavity  preponderates  over  that  of  the  viscenU,  it  is  directefl  up- 
wards (fig.  3)  and  assists  the  neural  arches  to  form  the  covering  of  the 
brain*  Under  these  circumstances  it  may  be  appended,  directly,  to  the 
neural  ala,  without  the  inteiTention  of  the  transverse  process. 

The  so-called  **viscem  of  organic  life"  are  placed  beneath  the  vertebral 
centra,  and  bear  a  relation  to  them  similar  to  that  of  the  brain  and  sjiinal 
cord,  but  not  nearly  so  intimate.  Tlicy  arc  alno,  more  or  less  completely, 
enclosed  in  an  osseous  tube,  which  is  formed  upon  the  inferior  surface 

of  the  vertebral  axis.     This  may  be  called  the  Visceral  TubCf 

to  distinguish  it  from  the  nemid  tube;  with  which  it  cor- 
Vtoeeniftrciwa.  responds,  inasinucli  as  it  is  formed  of  a  series  of  ai'ches — the 

Visceral  arches — which  descend  from  the  sides  of  the  centra, 
and  unite  in  the  middh?  line,  below. 

Each  viscei-al  arch  is  an  appendage  to  one  of  the  centra;  but  the 
several  visceral  arches  do  not  preserve  their  relations  with  their  re- 
spective centra  quite  so  regularly  as  do  the  neural  arches ;  indeed  it  ia 
sometimes  difficult  to  tell  to  which  of  the  centra  a  particular  visceral 
arch  belongs,     They  are  subject  also  to  considerable  varieties,  in  accord- 
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ance  with  the  vatnations  of  tlie  miuibcjr,  size,  and  sLape  of  the  orgaiis 
they  have  to  protect,  and  the  clifierent  uses  to  which  thej  are  made 
Hubservieat, 

gj^j^  The  most  regular  componeuts  of  the  visceral  arches  are 

ekineDU  the  Hmmul  parts  of  the  vertebn»»     They  correspond,  ap- 

parently, with  the  neui-al  j>arts,  being  formed,  like  them,  of  lateral  por- 
tions,  or  aia:^  one  on  either  aide,  which  arc  approximated  at  their  distal 
extremities,  and  are  imiteil  in  the  mesial  lino,  either  directly,  or  by 
the  intervention  of  one  or  more  separate  portions — the  hfcmal  >Sjnnes, 
In  the  caudal  region  of  many  animal  a  the  hsm^  elements  are  a])plied, 
directly,  to  the  under  surface  of  the  centra,  forming  with  them  the 
whole  of  the  visceral  tube,  w^hich,  in  that  region,  containa  only  the 
caudal  vessels:  hence  the  name  "HiemaL"  Commonly,  however,  for 
the  purpose  of  enlarging  the  visceral  tube,  and  of  giving  more  space  to 
the  various  organs  contained  in  it,  the  hiemal  elements  are  removed  to 
a  considerable  distance  from  the  centra,  imd  are  appended  to  the  extremi- 
ties of  the  transverse  ahe,  or  ribs,  which,  as  we  have  seen,  are  bent 
dowTiwardn  to  assist  in  frtrming  the  visceral  arches.  In  the  parts  of  the 
cramum  in  which  the  transverse  al«e  are  devoted  to  the  construction  of 
the  neural,  instead  of  the  visceral,  arches,  the  haemal  elements  are  still 
appended  to  them. 

An  important  office  perfoimed  by  the  haemal  pai-ts  of 
the  vertehrse  at  the  anterior  and  jxisterior  regions  of  the 
trunk,  is  to  afford  a  basis  for  the  Limb»y  which,  it  appears  to  me,  should 
be  reganled  as  appendages  to  the  hs&mal,  and  not  to  the  pleural,  compo- 
nents of  the  skeleton. 


TtieMiutM. 


We  will  proceed  to  consider  the  several  regions  of  the  skeleton  homo- 
logicaUy,  commencing  from  behind  and  travelling  forwards. 

The  hinilmoat  segment  of  the  skeleton — the  terminal 
Tlitooccrs,  ^^^  ^^  ^^  Coccyx — m  an  illustration  of  the  &ct  that  the 
various  elements  just  mentioned  are  not,  necessarily,  all  present  in  each 
vertebra;  inasmuch  as,  in  this  instance,  the  centrum  only  is  present, 
represented  by  a  little  pisiform  bone,  and  all  the  other  parts  are  wanting. 
In  the  anterior  portions  of  the  coccyx  the  neural  idse  {PL  XXXVI. 
fig,  1,  /)  are  superadded;  but  they  project  upwards  only  a  short  distance 
from  the  centra,  and  do  not  close  the  neural  canal,  alx>ve. 

The  Sacrum  represents  five  segments,  being  composed 
"■      of  five  vertebrK  (PL  XXXYI.  figs.  2  and  3),  which  become 
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nng  incomplete  below.  Further  forwards,  the  ribs  are  attached  to 
tlie  upper,  as  well  a«  to  the  lower,  ti-aiisverse  proceaaes ;  aiid  the  viscerul 
arches  are  completed,  below,  by  tho  preaence  of  fuemal  elements — the 
Sriuuruii  and  Costal  Cabtilaoes,  The  Costal  Caktilages  represent 
the  hzenml  alis;  and  the  Sterktm  is  composed  of  a  nymber  of  ha?n:ial 
spines  (indicated  by  the  nuclei  of  oasifi cation,  one  in  the  middle  line, 
or  one  on  either  side,  Fl.  XXI L),  whicli  are  fused  together  into  one 
bona 

In  the  Keck  (PL  LX.  fig.  6)  a  tendency  to  subcentral 

growths  IB  evinced  in  slight  projections  on  the  under  parts  of 
the  bodies  of  the  vertebi^se.  The  neural  arches  completely  enclose  the 
vertebral  canaJ,  above,  as  in  the  sacral,  lujiihar,  and  dorsal  r^ons ;  and, 
at  the  point  of  their  confluence,  two  neural  Hpines  are  formed  in  each  ver- 
tebra. The  articidating  processes  projt^ct  from  the  neural  alaj  leaa  than  in 
the  back  and  loins.  Both  the  inferior  and  the  superior  transverse  pro- 
cesses grow  out  (PL  IV.  fig.  6,  and  YI.  %.  2)  from  the  neural  pedicle,  en- 
closing between  them  the  foramen  for  the  vertebral  artery.  The  superior 
prooefis,  which  is  the  larger,  grows  dowitwai'ds  so  as  to  form  the  outer 
part  of  the  circumference  of  the  foramen ;  and  it  meets,  and  becomes 
united,  with  the  inferior  process.  A  separate  piece  of  bone,  or  distinct 
rib,  is  very  seldom  seen  here  in  man  and  mammals,  though  very  common 
in  birds  and  i^ptiles.  In  the  7fch  cervical  vertebra,  however,  the  place 
of  the  anterior  transverse  procesn  is  often  supplied  by  a  distinct  aJa 
(PI.  V,  fig.  1,  E)f  which  may  remain  separate,  forming  a  cervical  rib 
(PL  YI.). 

In  the  Axis  the  subcentral  formation  is  more  marked 

than  in  the  vertebne  which  are  situated  further  back. 
Tlie  Odontoid  process  is  the  centrum  of  the  atlas,  detached  from 
that  bone  and  nnited  to  the  centrum  of  the  axis.  It  may  have  an 
epiphysis  at  its  summit  (PL  VII.  fig.  4,  B) ;  and  epiphyses  (tig,  3,  A) 
may  be  developed  at  the  nnder  parts  of  the  neural  alse,  which  run  to 
aotne  distance  between  the  boiiy  of  the  vertebra  and  the  odontoid 
prooeaa 

In  the  Atlas  it  may  be  a  question  whether  the  tT^^>ER 

part  of  the  Ring,  against  Mhich  the  odontrjid  is  applied, 
should  be  regarded  as  corresponding  with  the  lower  part  of  the  body  of 
the  vertebra — that  is  to  say,  as  a  auhcentral  formation ;  or  whether  it  is 
an  extension  of  the  under  parts  of  the  neural  al».  Many  ciroumstABces 
indicate  the  former  to  be  the  correct  supposition;  but  the  specimenB 
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may  be  interposed  between  tlieni;  or  a  separate  piece  may  be  developed 
at  the  point  of  thoir  jtmction  (p.  238,  footnote).  The  Condyles  are 
the  poaierior  articidatithg  processes;  and  the  CARTiLAomous  Surface  of 
the  J0GTJLA.R  PBOCESS,  on  either  side,  amy  be  the  representative  of  the 
{interior  artlciJating  process.  The  Jugulak  processes  themselves  appear 
to  be  trajisverse  processes,  Tlie  EUpakded  part  of  the  hone  Is  the 
neural  spine.  This  may  be  formed  from  one  or  from  several  centres 
(p,  238).  The  I^Iastoid  and  Styloid  jTHurtions  of  the  temporal  bones 
represent  the  t^^nsverse  aim.  The  Lesser  CoRimA  of  the  Hyoid  bone 
are  the  h/^mal  aloe;  the  Body  of  the  hyoid  is  the  htemal  spme;  and  the 
Great  Cornta  of  the  hyoid  are  diverf/in^  appendages^  corresyionding 
probably  with  the  liniba  w^hich  I  have  descnbcnl  as  a]>i>endagas  to  the 
baemal  jiarts  of  the  vertebrcp.  Thns,  the  hyoid  bone,  with  the  stylo- 
hyoid ligaments,  and  the  styloid  processes  ^  complete  the  visceral  arch. 
The  hinder  part  of  the  Body  of  the  sphenoid  is  the 
centrum  of  the  Posterior  Sphenoid  Yertebra  (figs  9  and 
11).  Its  interior  is  hollowed  out,  on  either  side  of  the  mid- 
dle line,  to  form  the  sphenoid  sinus.  Above,  it  is  prolonged,  by  means 
of  aupraceniral  growtlts^  into  the  Posterior  Clinoid  Processes,  and  the 
hinder  etlge  of  the  OuvABV  Tcbercle;  beneath,  a  slight  ridge,  which 
forms  the  commencement  of  the  Rostruai,  and  upon  which  the  vomer  is 
applied,  is  a  rudimentary  suhcenJbral  growth.  The  Great  Ale  are  the 
fysural  cdce;  and  the  Parietal  bones  are  the  neural  spine.  The  PtERT- 
GOID  Processes,  Ixrth  of  which  grow  fi-om  thf  neural  alte,  are  the  trafis- 
verse  professes.  The  Squamous  parts  of  the  temporal  bones  seem  to  stand 
in  the  same  relation  to  this  vei^bra  that  the  mastoid  parts  do  to  the 
occipital  vertebra,  that  is  to  say,  they  are  the  transverse  aim;  and 
tliey  are  connected,  beneath,  with  the  Lower  Jaw,  which  is  the  repre- 
sentative of  the  luBnial  elements,  and  which  forms  the  viscei-al  arck 
In  the  Condyloid  portions  of  the  lower  jaw  we  may,  probably,  reoog 
nise  the  hapmal  fdic^  in  the  Rami  the  litemal  spines,  and  in  the  Angles 
the  diverging  appendages. 

The  Fore  part  of  the  body  of  the  sphenoid^  "which 
is  developed  sejmrately  from  the  hinder  part,  thongh  it  sub- 
secjuently  coalesces  with  it,  is  the  cmlrum  of  the  Anterior 
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*  It  may  be  a  queetion  whether  the  styl*>id  processes  of  the  temporal  ihould  not  be 
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THE  HOMOLOGY  OF  THE  SKELETON. 


599 


I 


nasal  bi'anch  of  the  fiflli  pair  of  nerves.  The  visceral  arch  is  Btlll  more 
incomplete,  the  transverse  elements  being  oounected  with  the  hfemal 
elements  of  the  anterior  sphenoid  vertebra,  which  run  on,  beneath 
them,  to  join  the  vomer  and  the  intermarillariea* 

Bemt-  Bnd  Tliere  are  some  other  cartilages  and  bones  in  the  skeleton, 

^2^^^  which  have  not  been  included  in  the  above  Bummaiy,  and 
^'*>»~'  which  do  not  l>elong,  directlj,  to  the  vertebral  system,  but 

are  developed  in  connection  with  the  organs  of  sense  or  with  the  viscera* 
and  the  office  of  which  is  to  minister,  especially,  to  those  ot^gana  and 
viscera.  Such  as  are  related  to  the  organs  of  special  sense  are  com- 
monly called  ^^Seme  Capsules^^  or  '^  Serine  Bones  *^  They  lie  in  the 
bead  ;  and  some  of  them  are  closely  united  with  the  other  cranial  bones. 
In  connection  with  the  Eab  are  the  Petrous  and  Tympakic  portions  of 
the  temporal  bone,  the  Ossicles  and  the  external  Cartilages.  In  con- 
nection with  the  Eye  are  the  Tabsal  Cartilages;  and  in  connection 
with  the  NosB  are  the  Turbinate  bones,  and  the  Cartilages  of  tbe 
nasal  ori^ce.  The  cartilages  and  bones  which  are  developed  in  connec* 
tion  with  the  viscera  are  called  "  Splan<:Anic,'*  They  are  the  Teeth 
(unless  these  \m  regarded  as  parts  of  the  dermal  skeleton),  and  the  Cab- 
TiLAGBs  of  the  Lartkx,  Trachea  and  Broncui. 

u<uiiaiog7  of  ^^®  ^^y  ^  *^^  exact  homology  of  the  upper  and  lower 

Ute  limbi.  Limbs  (figs.  7  and  8),  I  apprehend,  is  furnished  by  the  fact  that 
they  are  placed  at  opposite  ends  of  the  trunk,  and  that  the  apposed  sui-faces 
of  their  upjier  segments  have,  consequently,  been  made  to  con*espond  with 
oiia  another.  The  hsemal  constituents  of  the  visceral  arches  u{xm  which 
ih^  peat  are  modified  accordingly.  Thus  the  scapula  is  inclined  back- 
wards and  the  ilium  forwards;  the  hinder  edge  of  the  scapula  corre- 
sponds ^^4th  the  anterior  edge  of  the  ilium ;  and  the  rough  projection 
near  the  glenoid  cavity,  for  the  attachment  of  the  long  portion  of  the 
iric^ — ^the  extensor  of  the  fore-arm — corresponds  with  the  anterior  in- 
ferior spine  of  the  ilium,  which  gives  attachment  to  the  rectus  fenwrii — 
the  long  portion  of  the  extensor  of  the  legj  the  coracoid  process  is 
homologous  with  the  puV»es,  and  the  clavicle  with  the  ischium.  Tlie 
poeterior  sur^e  of  the  femur  corresponds  with  the  anterior  surface  of 
the  humerus.  The  upi>er  flexure  in  the  former  bone  is  backwards;  the 
lower  flexure  is  forwards;  whereas  in  the  humeriia  it  is  just  the  reverse. 
The  leaser  trochanter  of  the  femur,  which  receives  the  Uiaem  muscle 
coming  from  the  inner  surface  of  the  ilium,  looks  backwards;  and  the 
lemer  tubercle  of  the  humerus,  which  receives  the  aubscapularis  muscle 
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coming  from  the  inner  surface  of  the  Bcapnlft,  looks  forwards.  Tlie 
outer  and  inner  sur&cea  of  the  two  bones  respectively  correspond  with 
each  other:  thus,  the  great  troclmnter  of  the  femur  and  the  great 
tubercle  of  the  humerus  are,  both,  directed  outwards ;  the  rough  s^wicefor 
the  great  gluUBuSf  which  comes  from  the  tuber  Iscliii  and  the  sacro- 
ischiatic  ligament,  is  upon  the  outer  side  of  the  shaffc  of  the  femur ;  and 
the  rough  space  on  tlic*  humerus  for  the  deUoid^  ^vliich  comes  from  the 
clavicle  and  the  aero di ion,  'm  upon  the  outer  side  of  the  shaft  of  the 
humerus;  the  rough  space  for  the  long  adductor  musclci  which  comes 
from  the  spine  of  the  pubes,  is  on  the  inner  aide  of  the  shaft  of  the 
femur ;  and  the  rough  space  for  the  cor acobraeJi talis ^  which  comes  from 
the  tip  of  the  coracoid  process,  is  on  the  inner  side  of  the  shaf^  of  tlio 
humerus ;  tlie  outer  condyle  of  the  femur  correq>onds  with  the  capitu- 
lum  of  the  humerus;  and  the  inner  condyle  of  the  femur  ooiTesponds 
witli  the  trochlea  of  the  huraeruE, 

The  knee  bends  Imckwards,  and  the  elbow  bends  forwards;  the 
flexure  m  each  case  bringing  the  limb  more  under  the  middle  of  the 
trunk.  The  patella,  which  receives,  or  is  developed  in,  the  extensor 
of  tlie  leg,  is  on  the  anterior  surface  of  the  knee;  and  the  olecranon, 
which  receives  the  extensor  of  the  arm,  is  on  the  posterior  sur^e  of  the 
elbow* 

Thus  far  the  homology  of  the  two  limbs  is  easily  made  out  by  the 
applicatiott  of  the  principle  I  have  mentioned ;  but  in  the  distal  segments 
a  difliculty  arises  from  the  fact  that  the  correapondhig  surfaces  of  the 
two  limbs  are,  under  ordinarj^  circumstances,  directetl  the  sanie  waj'j 
the  palmar  and  plantar  aspects  being  both  directed  backwards.  And, 
further,  the  fibula  lies  upon  the  outer  side  of  the  leg,  and  is  not  articu- 
lated with  the  femur;  whereas  the  ulna,  wliich  so  many  circumstanoea 
indicate  to  be  the  homologiie  of  the  fibula,  lies  on  the  inner  side  of  the 
fore-arm,  and  is  articulated  with  the  trochlea  of  the  humerus. 

These  three  fioints  admit,  T  think,  of  ex]>lanatiou  from  the  manner 
in  which  the  parts  are  developed.  The  distal  segments  of  the  limbs — 
the  hands  and  feet — first  bud  out  from  the  aides  of  the  tnmk;  and 
the  palm  and  sole  are  both  directed  c^ot/y^wards  (towards  the  centre  of 
the  embryo).  Tlie  pollex  in  each  looks  forwat-ds — towards  the  head — 
the  fibula  and  ulna  look  backwards,  and  the  knee  and  elbow  would  bend 
upwanh*.  Subsequently,  as  the  proximal  segments  are  formed,  the 
limbs  undergo  a  f|uarter  tiini,  but  in  opposite  directions.  The  hinder 
limb  is  rotat6*l  on  its  long  axis/orwards;  the  result  of  which  is  that  the 
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sole  becomes  turned  backwards,  and  tlie  fibula  outwards,  and  the  bend 
of  the  knee  is  forwards.  lo  tbe  anterior  limb  the  rotation  is  bacl-wnrds. 
Consequently,  the  bend  of  the  elbow  is  backwards,  and  the  ulna  is 
turned  inwarda  When  the  rotation  affects  the  entire  limb  in  the 
same  direction, — that  is,  when  the  fore-arm  and  hand  are  supine, — 
the  whole  of  the  radius  is  on  the  outer  side,  the  thumb  ia  also  on 
the  outer  aide,  the  palm  is  turned  forwards,  and  the  antagonism  be- 
tween the  anterior  and  posterior  surfaces  of  the  two  limbs  is  complete. 
But  in  this  limb  the  distal  segments  are  made  to  undergo  a  slight 
rotation  forwBrds,  or  in  an  opposite  direction  to  that  of  the  proximal 
segments  for  the  purpose  of  bringing  the  hand  into  the  prone  position, 
and  of  turning  the  jmlm  towards  the  ground.  Thifl  is  attended  with 
a  twist  in  the  fore-arm.  The  radius  retains  its  connection  with  the 
outer  condyle  of  the  humenis,  but  crosses  over  the  ulna  so  as  to  reach 
the  inner  side ;  and,  together  with  the  hand,  which  is  carried  with  it, 
undergoes  a  rotation  on  its  axis,  so  as  to  give  the  requi.iite  direction  to 
the  palm.  Pronation  should  be  regarded  as  the  ordinary  or  natural 
position,  because  it  is  the  most  easy,  and  the  one  which  we  assume 
■when  placed,  upon  all  foui*8,  on  the  ground;  and  wo  ha%*e  found  it  to 
be  the  one  which  is  permanent  in  most  of  the  lower  animals  (p.  379). 

To  permit  pronation  and  supination  of  the  fore-arm  and  hand  the 
radius  is  confined  to  the  ctipitulum  of  the  humerus;  and,  to  maintain 
the  sti-ength  of  the  part',  the  upper  end  of  the  ulna  is  lai-ge,  and, 
extending  beyond  tlie  limits  assigned  to  its  homologue^  the  fibula,  plays 
«|ion  the  trochlea  of  the  humerus,  and  sends  up  a  process — the  olecranon 
— to  receive  the  extensor  of  tbe  fore-arm. 

With  regard  to  the  reraainiog  oonstitnenta  of  the  limbs — The  ScA- 
puoio  bi>ne  of  the  carpus  hi  homologous  with  the  Sc^aphoid  of  the 
tarsus,  although  the  fiosition  is  diflerent  in  the  two  cases,  the  scaphoid 
being  placed,  in  the  foot,  between  the  two  rows  of  tarsal  bones:  the 
Semilunar  bone  of  the  carpus  is  homologous  with  the  Astragalus  ;  the 
CiTNEiFORM  and  PisiFonaf,  with  the  Os  Calcts  and  its  Epiphysis;  the 
TRAPEzirM  with  the  Internal  CuN"EiFORSi ;  the  Trapezoides  with  the 
Middle  Cu^teiporm;  the  Os  Maokum  with  the  External  CuitEiFORjf ; 
and  the  Unciform  bone  with  the  Cuboid.  The  Metacarpal  and 
Metatarsal  bones,  and  the  Fhalanges  of  the  two  liniks  correspond 
with  one  another  almost  exactly. 
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DESCRIPTION  OF  PLATE  LX. 

Fig.  I.  Diagram  of  an  ideal  vertebra.  C,  oentnim.  NP,  neural  proceas. 
NA,  neural  ala.  N8,  neural  spine.  TP',  superior  transverse  process.  TP',  infe- 
rior transverse  process.  TA^,  superior  transverse  ala.  TA',  inferior  transverse  ala. 
IIP,  haemal  process.     HA,  haemal  ala.     HS,  haemal  spine. 

Fig.  1.  Diagram  of  a  human  donuJ  vertebra,  shewing  the  transverse  ala  directed 
downwards  and  contributing  to  the  formation  of  the  visceral  arch  (as  in  fig.  5).  AP, 
articulating  process.  The  other  letters  in  this  and  the  following  figures  indicate  the 
same  as  in  preceding. 

Fig.  3.  Diagram  of  a  cranial  vertebra  (post-sphenoidal,  see  fig.  1 1),  shewing  the 
transverse  ala  directed  upwards  and  contributing  to  the  formation  of  the  neural  arch. 

Fig.  4.     Lumbar  vertebra. 

Fig.  5.    DonuJ  vertebra.     TA,  rib.    HA,  costal  cartilage.    HS,  sternum. 

Fig.  6.     Cervical  vertebra. 

Fig.  7.  Pelvic  vertebra,  with  left  lower  eztrenuty.  C,  body  of  sacrum.  TA,  ala 
of  ditto.  TP,  part  connecting  ala  with  body  of  ditto.  HA,  ilium.  HS^,  pubes. 
HS*,  ischium,  i^  anterior  inferior  spine  of  ilium,  a,  g^reat  trochanter.  3,  rough 
surface  for  attachment  of  gluteus.     4,  point  of  attachment  of  adductor  longus. 

Fig.  8.  Left  scapula  and  clavicle,  with  upper  extremity.  The  fore-arm  and  hand 
are  semi-prone.  HA,  blade  of  scapula.  HS'^,  coracoid.  HS*,  clavicle.  I,  rough  sur- 
face for  attachment  of  long  head  of  triceps.  1,  great  tubercle  of  humerus.  3,  rough 
surface  for  attachment  of  deltoid.     4,  point  of  attachment  of  coraco-brachialis. 

Fig.  9.  Cranial  bones,  at  birth,  separated.  The  dotted  lines  from  0,  PS,  AS,  and 
jE,  traverse,  respectively,  the  components  of  the  occipital,  the  posterior  and  anterior 
sphenoid,  and  the  aethmoid  vertebrsB.  The  several  parts  are  indicated  by  the  same 
letters  as  in  the  following  figures. 

Fig.  10.  Occipital  vertebra.  C,  basilar  part.  NA,  side  of  foramen  magnum. 
NS,  expanded  part.  TA,  mastoid  part  of  temporal  bone.  HA,  lesser  comu  of  hyoid 
bone.     HS,  body  of  ditto.     DA,  great  comu  of  ditto. 

Fig.  II.  Post-sphenoid  vertebra.  C,  hinder  part  of  body  of  sphenoid.  NA, 
great  ala.  TP^  pterygoid  process.  NS,  parietal  bone.  TA,  squamous  part  of  tem- 
poral bone.  HA,  condyloid  part  of  lower  jaw.  HS,  ramus  of  ditto.  J) A,  angle  of 
ditto. 

Fig.  12.  Pre-sphenoid  vertebra.  C,  fore  part  of  body  of  sphenoid.  NA,  lesser 
ala.  NS,  frontal  bone.  TA,  palate-bone.  HA,  and  S,  upper  jaw.  DA,  malar 
bone. 

Fig.  13.  Ethmoid  vertebra.  C,  median  plate  of  aethmoid.  NA,  cribriform 
plate  of  ditto.  NS,  nasal  bone.  TP,  and  A,  os  planum  and  lateral  parts  of  aethmoid. 
SC,  vomer.     HA,  and  S,  intermaxillary  bone. 
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AcEPiiALOUs  skull,  51,  251,  277. 
Acetabulum,  509. 

notch,  519. 
Acromion,  364. 

relation  to  inferior  angle  of  sca- 
pula, 365. 
articular  surface,  404. 
Acromio-daricular  joint,  402. 

ii8e8,403. 
dblocation,  492. 
iEthmoid  Bone,  274. 

development,  278. 
homology,  696. 
presence  in  orbit,  275. 
AlTeolar  processes  of  npper  jaw,  280. 

relation  to  size 

of  mouth,  284. 

changes   in  old 

•ge,285. 
deficiency,  286. 
in  Negro,  281. 
of  lower  jaw,  288. 
Ankle-joint,  554. 

dislocation,  557,  558. 
Ankylods  of  joints  between  head  and  spine, 
319. 

congenita],  of  joints,  81. 
Antmm  mazillare,  279. 

formation,  280. 
glands  in  interior,  279. 
diseases,  280. 
ApophyM^40. 

use  of,  43. 
Arachnoid  canty  opened  in  tnatun  at  base, 
2G0. 


Arches  of  vertebrsB,  143. 

development,  117, 119. 
malformations,  5^,  143. 
neural,  591. 
visceral,  591. 
Arrested  development,  100. 
Arthrodial  joints,  81. 

Arthritis  chronic  rheumatic  of  temporo-max- 
illary  joint,  306. 

hip-joint,  523. 
Articular  bone,  3,  76. 

cartilage,  41, 76. 
Articulation:  tee  Joint. 
Artificial  respiration,  350. 
Astiagalos,  498^  505. 

neek  of,  in  fiBtos,  499. 

in  monkey,  499. 
dislocation,  499, 563. 
upper  articnUr  surface,  555, 557. 
lateral  do.,  555. 
reason  of  difference  between  the 

two  latter,  556. 
artionlarsurfkces  fior  os  calds,  564 

for  scaphoid,  565. 
Atlas,  131. 

development  of,  132. 

arch  of,  143. 

articular  facets,  309. 

peculiarities,  176. 

homology,  595. 
Atmospheric  preesure,  influence  on  joints, 

73. 
Atrophy  of  bones,  56. 57, 70^  471. 
Auditory  labyrinth,  259. 

passage  external,  at  birth,  265» 


^^^^^^^^^^^^^^»                     ^^^^^^                 ^M 

Carpal,  Jdnti,  429. 

Coatal  cartilages,  335.                                                    ^H 

CurniTora,  glenoid  caTitj  in,  2a5, 

ossification,  58,  336.                            ^H 

Ethmoid,  276. 

Junction  with  Hibs,  33.3.                      ^M 

Malar  bone,  298. 

Stem  am,  337,                  ^H 

number  of  dljptt,  497. 

movements  upon  8t«miim,                ^^M 

CartUage  in  bone,  2. 

338.                                                  ^H 

ehangtd  In  ottification,  ib. 

homology,  593.                                     ^^M 

OMification,  34,  25. 

Cranium^  see  SkulL                                                         ^^H 

ardcttkr  not  ossified,  41. 

Crista  galO,  271.                                                               ^H 

interarticolar,  82. 

homology  of,  598.                                            ^^M 

CmrtUagw  loose  in  elbow,  42i, 

Cmikahank,  on  lymphatics  of  bone,  29.                           ^^M 

Canu,  C.  C.  modnle  proposed  bj,  87, 

C  tiboid  bone,  502»  505.                                                       ^H 

Centram  of  Vertebra,  113. 

homology  of,  601.                                       ^H 

Cerebral  etnitiencea  in  ikull,  209,  2B0. 

Caneifonn  bones  of  foot,  502.  506.                                   ^H 

Cerrical  ribs,  127,  358. 

inner,  prolongation  of,  503.                  ^^| 

Chemical  composition  of  bone^  1. 

Curling,  Mr,  observation  on  e^Tects  of  me-                  ^^M 

diaeaMd  bonca,  6. 

doUary  artery  in  fracture,  27,                                         ^^M 

Chmti  9^  Tkortu. 

on  excesst?e  growth  of  fingers,                 ^^M 

ChimpaDZM,  SktiLl  of,  224. 

^H 

Temporal  bone,  254. 

Corrature  angular  of  Spine,  170,                                     ^H 

Cbin,  24fi,  287. 

lateral,  171.                                                        ^H 

of  idiot,  333. 

•etiile,  172.                                                        ^H 

Chorda  dorsalii,  114, 177, 182. 

infantile,  i5.                                                       ^H 

ClaTicle,  369. 

Curves  of  bones,  12,  lOO.                                                   ^H 

in  what  animali  preacnt,  359. 

spine,  134, 146.                                               ^H 

derelopment,  3fll. 

rickets^  65.                                                          ^H 

fractarM,  362. 

Cyclop ian  monstrosity,  181.                                                ^^H 

arti«n lar  inrf ace  for  S temnm ,  ^9. 

Cysts  sebaceous  in  Frontal  bone,  252.                             ^^M 

Acromion,  404. 

^H 

homoloj^,  599. 

Deafness  caused  by  blow  on  head,  259,                            ^^M 

Qinoid  procewea  of  Sphenoid,  270. 

Deltoid  muscle,  action  of,  365.                                            ^^| 

Coccyi,  449,456. 

point  of  attachment  to  Hu-                   ^H 

CocUm,26D. 

nienia,a71,600.                                 ^H 

Oovidtnaation  of  bone,  57. 

Depressions  in  Parietal  bones,  242.                                   ^H 

Condyle*  of  Jaw,  287. 

Dental  canal,  inferior,  289,  291.                                        ^| 

Femtir,  481, 529. 

superior,  280,  285^  PL  HJ,  fig.                   ^M 

Occipital  bone,  300. 

^M 

Conatit Dents  of  bone,  TBriatif>ns  iu  (liferent   ' 

foramen,  291.                                                      ^^M 

p«rta  of  ikeletoDp  and  in   different  ant- 

groove,  Inferior,  291.                                          ^^M 

nials,4. 

superior,  285,                                             ^H 

1               Co&ttitQenU  of  bone,  vaxiataoas  at  different 

Development  arrested,  100.                                              ^^M 

•g«it5. 

Diaphragm,  ei!ect  In  respiration,  345.                              ^^M 

CoffBOdid  bone,  300, 366L 

Ttiargiual  attach  men  t»  354.                             ^^M 

proceaa,  366, 

Diaphyses,  40.                                                                     ^H 

fhu;tiire,  369. 

Digital  depressions  in  sktill,  209.                                         ^^| 

homology,  599. 

Digits,  number  of  in  fore  limb,  379,  396.                          ^^M 

CoroDoid  proeesa  of  Ulna,  381,  487* 

hinder  Hmb,  497.                            ^H 

Jaw.  288. 

DIploe,  formation  of,  187.                                                ^^M 

Cortesii  oaalcoliun  sesamoid :,  263. 

reins  of,  196,  249,  S59,                                       ^H 

^ND'^^- 
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.P-.UB.     ,,,.K.t.5U^^,, 

Exciston  01  » 

*«*•  frontal  ^''*''**;„ 
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Fat  in  bone,  9;  6, 

Female  skeleton,  108, 444, 469, 475. 
Skull,  103. 
PelYis,  444. 
Brain,  103. 
Femoral  artery,  injary  in  fVactare  of  thigh- 
bone, 407 
Femur,  465. 

great  proportionate  size  of;  88,  466, 

477,581. 
Aracture,  467, 468. 

spontaneous,  8. 
neck  of,  468. 

changes  in  old  age,  470,  471, 

474. 
liability  to  tnctwte,  471. 
dcTelopment,  476. 
at  birth,  477. 
differences  between  outer  and  inner 

condyles,  481,  539. 
inclined  ontwards  in  other  mammal*, 

482. 
head  of,  508. 

comparison  with  humerus,  464, 509. 
articular  surface,  upper,  508. 
lower,  508. 
Fibro- cartilage,  72. 

of  temporo-mazillary  joint, 

303. 
of  knee,  544. 

sesamoideal  of  fingers,  437. 
Fibula,  489. 

uses  of,  480. 
in  animals,  490. 

relation  to  number  of  digits,  491. 
development,  491. 
homologous  with  ulna,  600. 
fracture,  490,  491,  553,  568. 
why  separate  from  tibia,  557. 
articular  surface  upper,  552. 
lower,  553. 
Figure,  proportions  of,  85. 

middle  point  of,  89, 99. 
Fingers,  expansion  of  ends,  395. 

proportions,  90,  96, 386,  397. 
joinU,  436. 
Fishes,  pituitary  and  pineal  glands  in,  271. 
Fissura  Glaseri,  179,  254,261,  266. 
Fissures  in  cranial  bones,  185. 


Flat-foot,  494,  564, 570. 
Flattening  of  bones  in  ricketr,  60. 
Flourens,  on  growth  of  bones,  44. 
Foot,  492. 

peculiarities  of  human,  496. 
in  negro,  495. 
monkey,  495. 
other  animals,  497. 
oblique  direction  of,  554. 
flat,  494,  564, 570. 
joints,  561. 
Fontanelles,  formation  of,  188, 243. 

use  of,  189. 
Foramen  osBCum,  249, 259. 

intervertebral,  157. 
orbital,  int.,  249. 
condyloid  ant,  256. 

post.,  197,  258. 
mastoid,  258. 
magnum,  236. 
parietale,  197, 259. 
supra-orbitole,  197. 
mednllare,  24. 
infra-orbitale,  283. 
lacerum  posterius,  262. 
medium,  263. 
anticum,  269. 
ovale  of  sphenoid,  269. 
rotundum  of  do.,  269. 
optic.,  272. 
supra-condyloid,  373. 
supra-trochleare,  374. 
obturator,  440, 459. 
sacro-sdatic,  448,  462. 
interrertebrale,  157. 
mentale,  290. 

at  birth,  29. 
in  Negro,  290. 
Fore-arm,  bones  of,  377. 

relation  to  number  of  di- 
giU,  379. 
pronation  and  supination,  377. 
position  of  ease  and  strength,  378 
comparison  with  leg-bones,  601. 
Forehead,  prominence,  245. 

relation  to  prominence 
of  chin,  287. 
Formation  of  bones,  33. 
Fosse  of  skull,  208. 
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supra-condjrloid  process,  373. 
peculiarities  in  animals,  374,  377. 
proportionate  length,  99, 98,  377. 
tnberdes,  374,  414. 
bicipital  gproove,  414. 
articular  surface  at  shoulder,  407. 

elbow,  417. 
homology,  599. 
Humpback,  170. 

Hunter,  John,  on  growth  of  bones,  44. 
Hydrocephalic  crania,  193,  244, 248,  250. 
racancies  in,  186. 
wormian  bones  in,  192. 
Hyoid  processes,  179. 
homology,  597. 

Idiot,  proportions,  100, 108. 

skull,  187,  232. 
Ilium,  457. 

development,  458. 
homology,  594,  599. 
Innominatnm  os,  457. 

derelopment,  459. 
joint  with  sacrum,  460, 

with  pubes,  462. 
acetabulum,  509. 
Interarticular  cartilage :  mm  Fibro- cartilage. 
Intercostal  spaces,  342. 

muscles,  action  upon  ribs,  346. 
Intermaxillary  bones,  233. 

development,  178, 182. 
homology,  598. 
Interosseous  space  in  fore-arm,  383. 
membrane  of  leg,  552. 
Interparietal  bone,  238,  242. 
Intervertebral  substances,    formation,    115, 
117, 119, 159. 

structure,  159. 
relation  to  spinal 

curves,  149. 
varying  thickness, 

161. 
limit    the    move- 
ments of  spine, 
164. 
foramina,  157. 
Ischium,  459. 

development,  459. 
homology,  594,  599. 


Joints,  71. 

obliquity   of    movements   and   liga- 
ments, 311. 

congenital  ankylosis  of,  81. 

Arthrodial,  81. 

Hinge,  81,  531. 

Ball-and-sockot,  81. 

Atlanto-azoidal,  309. 

Occipito-atlantal,  307. 

Tempore- maxillary,  82,  301. 

Costo-stemal,  337. 
vertebral,  339. 

Stemo-clavicnlar,  399. 

Acromio-clavicnlar,  402. 

Shoulder,  407. 

Elbow,  417. 

Radio-ulnar,  superior,  419, 423. 
inferior,  425. 

Wrist,  426. 

Carpal,  429. 

Carpo-metacarpal,  432. 

of  thumb,  432. 

Metacarpo-phalangeal,  436. 

of  thumb,  433* 

phalangeal,  435. 

of  fingers,  436. 

Ankle,  554. 

between  Astragalus  and  Os  calois,561 
and  Scaphoid,  568 

between    Scaphoid    and    Cuneiform, 
572. 

Calcaneo-cuboid,  569. 

Hip,  507. 

Knee,  523. 

Metatarso-phalangeal,  574. 

of  Great  Toe,  576. 

Phalangeal,  576. 

Peroneo -tibial,  552. 

Pubic,  462. 

Sacroiliac,  460. 

Tarso-metatarsal,  573. 

Vertebral,  159. 
Jordan*^  operation  for  ununited  fracture,  22. 
Jugular  facet,  262. 

process,  235,  262,  592. 
fossa,  261, 262. 

Knee-joint,  523. 

differs  from  a  hinge-joint,  524. 
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Mental  foramen,  290,  291. 

in  Negro,  290. 
in  old  age,  289,  PI.  xtii. 
fig.  4  c. 
Metacarpal  bones,  390. 

morement    upon    carpni, 

390. 
amputation  through,  392. 
deTelopment,  396. 
joints  with  carpni,  432. 

phalanges,  436. 
Metatarsal  bones,  503. 

obliqoity  of,  503. 
derelopment,  506. 
articnlar  ends,  574. 
Modelling  process  in  bones,  47,  186,  368, 

369. 
Module  in  architecture,  86. 

of  human  figure,  87. 
Malar  bone,  298. 

horizontal  dirision  of,  299. 
reaching  nearly  to  ear,  49, 305. 
in  animals,  299. 
homology,  598. 
Mollities,  composition  of  bones  in,  67,  68, 
448. 

of  pelTis,68,448. 
Mongolian  skull,  ^6. 
Mouth,  opening  of,  284. 
Mylodon,  proportions  of  femur  and  humerus, 
90. 


Nails,  connexion  with  phalanges  of  fingers, 
394. 


Nasal  process,  177. 
Bones,  297. 

derelopment  of,  178. 
in  Negro,  298. 
in  animals,  298. 
homology,  598. 
carities,  213. 
sinuses,  220. 
Negro,  alTcolar  processes,  281. 
foot,  495. 
nasal  bones,  298. 
angle  of  lower  jaw,  293. 
mental  foramen,  290,  291. 
proportions  of  figure,  91. 


toes,  564. 


Skull,  226,  255. 

weight  of,  195. 
Occipital  bone,  337. 
Patella,  483. 
Thorax,  92. 
Pelris,  92,  446. 
Zygomatic  arch,  257. 
Jaws,  227,  280,  287. 
Nose,  222. 
Frontal  bone,  246. 

sinuses,  246. 
Bfastoid  processes,  258. 
Mouth,  284. 
Wisdom  tooth,  289. 
Nerres  of  bone,  28. 
Neural  arches,  al»,  spines,  501. 

pedicles,  139. 
Nose,  213. 

derelopment  of,  178. 
Bridge  of,  221. 
at  birth,  222. 
respiratory  tract,  214. 
olfiictory  traet,  218. 
Tocal  tract,  220. 
Nostrils,  213. 

kept  moist,  215. 
openings  of,  220. 

at  birth,  230. 
Number  of  bones,  17. 
Nutritious  artery,  24. 

Obliquity  of  morements,  12,  75. 

ligaments,  311. 
Occipital  bone,  234. 

condyles,  306. 

malformation  of,  235. 

in  infants,  231. 

soft,  239. 

foramen  magnum,  236. 

in  Idiot,  233, 237. 

in  Negro,  237. 

in  animals,  237. 

development,  237. 

homology,  596. 

diseases,  239. 

connection  with  spine,  307. 
Ocdpito-atlantal  joints,  307. 

ankylosis,  319. 
dislocation,  318. 
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diseMes,  394, 397. 
of  toes,  004. 

11868,496. 

diseases,  505. 
derelopment,  506. 
proportions,  90, 96,  496. 
Phosphoms  and  Phosphates  io  bone,  3. 
Phrenology,  207. 
Pigeon-breast,  354. 
Pineal  gland,  271. 
Pisiform  bone,  888,  601. 
Pits  in  bones,  15. 
Pituitary  fossa,  209, 271. 
Pollez  manns :  see  7%uai5. 
pedis,  504. 

in  qnadmmana,  497,  504. 

other  animals,  497. 
joints,  576. 
Post-glenoid  process,  254. 
Pregnancy,  softening  of  pelric  joints  in,  463. 
Premaxillary  bones,  178, 182,  283 

homology,  596w 
Pressure,  influence  on  shape  of  bones,  48. 
growth  of  bones,  49. 
effect  of  remoral,  50. 
promotes  absorption,  50. 
Primary  bones,  34. 
Pritchard  on  unity  of  type,  98. 

typical  forms  of  skull,  226. 
Processes  of  bones,  13. 
Prognathous  skull,  227. 
Promontory  of  sacrum,  454. 
Pronation  of  fore-arm,  377. 
leg,  527. 

not  limited  by  est.  lat.  lig. 

536. 
limited  by  ant.  crucial  lig. 

539,551. 
movement    of    semilunar 
cartilages,  546. 
Proportions  of  human  figure,  85. 

in  European,  87. 
in  Negro,  91. 
of  Qoadrumana,  89. 
at  different  ages,  93. 
of  eitremities,  89,  96. 
during  dcTelopment,  89, 110. 
of  trunk.  92. 
of  skull,  88,  ^,  96. 


of  face,  88, 96. 

of  foetus  approximate  to  those  of 

Negro  and  Quadrumana,  9& 
of  short  persons,  99, 100, 
of  tall  persons,  102. 
of  dwarfii,  100. 
of  giants,  102. 
of  female,  103. 
Pubes,458. 

dcTelopment,  459. 
hom<dogy,  594,  599. 
Pubic  symphysis,  462. 
Pyramidal  skull,  227. 

Quadrumana,  proportions  of,  89. 
Hand,  386,  397. 
Patella,  482,  483. 
Temporal  bone,  254. 
Skull,  224. 
iEthmoid,  275. 
Nasal  bone,  298. 
Malar  bone,  296. 
Thorax,  92, 320. 
Sternum,  327. 
Foot,  495,  497. 
Os  calcis,  499. 
Astragalus,  neck  of,  499. 
Scaphoid,  502. 
Radius,  383. 

Rachitis,  62. 

chem.  comp.  of  bones  in,  6,  7. 
proportions  of  parts  in,  96, 100. 
cranium  in,  187, 192. 
of  Thorax,  354, 355, 35a 
Humerus,  371, 377, 417. 
Fore-arm,  385. 
PelTis,  447. 
Femur,  470, 477. 
Patella,  483. 
Tibia,  485,  486. 
Fibula,  491. 
Radius,  383. 

derelopment,  385. 
constancy  in  animal  serieii,  39l>. 
moTement,377. 
homology,  GOl. 

articular  surface  fi>r  humerus,  419. 
ulna,  419, 43& 
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chest,  355. 
huDiemi,  372. 
femur,  470, 471, 474. 
Septam  nasi,  formation  of,  178. 
Serous  apoplexj,  210. 
Sesamoid  bodies,  482, 483. 

ID  wrist,  397. 

thumb,  434,  436. 
fingers,  437. 
bones  in  thumb,  436. 
fingers,  437. 
peroneus  longus,  601. 
Seventh  cerrical  Tertebra,  peculiarities  of, 

125, 126, 143,  692, 
Shafts  of  bones,  11. 

narrow  part  of,  12. 
Sharpej,  Dr,  on  ossified  true  cartilage,  2. 

ossification  in  cartilage,  38. 
Shaw,  Mr,  on  proportions  of  parts  in  rickets,  9. 
Shoulder-joint,  437. 

stiffness  of,  413. 
dislocation,  415. 

from  muscular  ac- 
tion, 414. 
Shin,  485. 

Sigmoid  carities  of  ulna,  418. 
Sinuses,  frontal,  246. 

maxillary,  279. 
sphenoid,  271. 
SBthmoid,  275. 
of  dura  mater,  199. 
Sitting,  442. 
Skull,  infantile,  225. 

distinctiTe  peculiarities,  223. 

of  female,  103» 
232. 
idiot,  232. 
Tarieties  of  man- 
kind, 226. 
chimpanzee,  224. 
thickening  of  in  rickets,  67, 97. 
at  birth,  229. 
in  old  age,  60, 
phthisis,  210. 
reparation,  61,  198. 
proportionate  sise,  81,  93,  96. 
preternatural  depth,  244. 
development,  177. 
baae  Qi,  derelopment,  182. 


Ubles,  188,  206. 

rate  of  growth,  193. 

weight,  194. 

senile,  194, 199. 

vessels,  195 

adapted  for  protection  of  brain,  200. 

its  arches  and  ridges,  201, 202,  206. 

weak  part  at  base,  203. 

congenital  fissures,  185. 

firactnres,  188,  203. 

relation  to  brain,  207. 

fosse,  208. 

at  birth,  229. 

compared  with  that  of  adult, 
231. 
connection  with  spine,  307. 
Sloth,  three-toed,  127. 
Sphenoid  sinus,  271. 
Sphenoid  bone,  269. 

development,  272. 
diseases,  273. 
homology,  597. 
Spina  bifida,  51,  452,  456. 
Spine,  development,  113. 

measurements  in  foetus,  138. 
after  birth,  110. 
in  adult,  87, 106. 
in  giants,  103, 107. 
curves  in  foetus,  134. 

adult,  146. 

increased  strength,  151. 
lateral  curves,  155. 
line  of  gravity,  148. 
movements  of  component  parts,  164. 
weak  part,  169. 
angular  curvature,  170,  357. 
lateral  do.  171, 356. 
senile  do.  172. 
infimtile  do.  ib, 
joints,  150. 

dislocation  and  fracture,  168. 
connection  with  head,  307. 
Spinous  processes,  143. 

development,  120, 121. 
irregularities,  144. 
malformations,  51, 143. 
relation  to  spinal  curves, 
15a 
Spongy  bones,  215. 
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^^^^^^^^^^M 

SpooUaeouft  fracture  of  hunieriii,  3T2. 

roembmnei,                                   ^^^^^^^H 

femnr,  8. 

foldj  and  fatty  appendages,  78,  72,  ^^^^^^^| 

^^^^H 

Standing  upright:  eien  Erect potiure. 

^^^1 

Stark,  Dr,  analysta  of  bone,  1,4,6, 

Tallpefl,                                                                          ^^H 

8terna*d»Tkular  jointj  399* 

plantaris,                                                        ^^^H 

^H                                          dUtoeatioD,  401. 

influence  of  gastrocnemii  to,  601.                   ^^H 

^^p                                      moTemcnta,  402. 

Torus,  572.                                                                |H 

r         Sternum,  321. 

T^eOM^M,                                                                              ■ 

^^                 de?elopaieut,  325, 

Taraua,  407.                                                                          ■ 

^H               in  animals,  327. 

joints,  569                                                                   ^M 

^H               ▼arieties,d28. 

Teeth,  shoddiog  of.  286.                                                      ^M 

^H           diMUM,ifr. 

wifidoni^  239.                                                                 ^| 

^^H               depressioD,  355. 

cani  ne,  relation  to  angle  of  mouth,  284.                     ^U 

^^1                joints  with  daf xcle,  399. 

second  molars,  281.                                                   ^M 

^H                                 ribfl,  337. 

late  appearance  and  early  decay,  59.                         ^M 

^^               homology,  596, 

Temporal  bone,  252.                                                               ^M 

Stooping,  441,  581, 

development,  264.                                      ^M 

Strength  of  bone,  7. 

glenoid  cavity,  254«                                     ^U 

proportioned  to  miMcles,  ib. 

fracture,  2^,                                                ^H 

8tump0,  condition  of  bouea  in,  70. 

connection  with  other  bouea,                   ^M 

Styloid  portion  of  temporal  bone,  261 »  597. 

H 

Subarachnoid  Biiid,  209. 

varieties   and  diseafles,   260,                    |H 

Supernumerary  riba,  127,  358. 

IH 

Superciliary  ridge»,24S, 

homology,  697.                                           ||h 

notch,  240. 

Tern  poro  -  maaillar j  Joint,  300.                                            UB 

1          Supination  of  fore-ann,  377. 

dislocation,  304.                        ^M 

^^.                                         peculiar  to  man,  379. 

Tendons,  attachment  to  bones,  14,  22.                                ^B 

^m                       leg,  627. 

Tentorium,  2€0,  272.                                                             ^M 

^^^^H                      timited  by  po«t.  crucial  llg. 

osseous  in  animola,  242,  200,                             ^H 

^^^B                        542,551. 

Thorax,  320.                                                                         ■ 

^^^^^                      tnorement  of  semilunar  car- 

capacity,  330,  352.                                                  ^M 

^^P                                  tOagea  in,  540. 

Tital,  350,  352.                                         ^M 

r         Swpf»- condyloid  proeeaa  of  hunoenw,  373. 

shape  in  women^  334.                                            ^U 

1                                                       femnr,  478, 

size,  350.                                                                 H 

1         Suturae,  71, 

changes  of  shape  in  growth  and  ag                       ^U 

^^»                 formation,  183. 

m,  351.                                                               H 

^H               use,  1[>0. 

in  respiration,  344                     ^M 

^H               obliteration,  100. 

parts  most  enlarged  in  reapiratioa,                    ^M 

^H               itrength,  203. 

345, 348.                                                            H 

^^1               degree  of  serratiouj  250. 

order  of  exparwion  of  aeTeral  parts,                    ^M 

^^r               diagonal  union  of  bones  in,  251. 

349.                                                                     H 

r          Sutural  ligament,  71. 

development,  351.                                                  ^m 

> 

1           Symmetry  of  skeleton,  16,  53. 

lateral  deprcasion,  354.                                          ^m 

1           Syuiphjsia  steroid  ^22. 

in  old  age,  355.                                                    ^M 

^H                    pubis,  402. 

paralytic,  ik                                                        T 

\ 

^B                            diieaaes  of,  4^. 

chaagea  to  kteral  cuTTature  of  sptoe,                      1 

^V  Sjncbondroslfl,  72. 

dm,                                    ^^m 

^H  Syuonal  jolnta,  72. 

angular  do.,  357.                        I^^B 

1 

1 

i 

^^^^^^^^^^^^^^^^^INDEX.      ^^^^^^^^^B          W*          ^^^1 

Thonib,  bones  of,  306* 
jointed  433. 
fteumald  boneSi  434. 
dklocatiofi,  t*. 
opponent  to  fingera,  386, 
Ttbia,  im. 

narrow  and  weak  part,  433,  416. 

iwltt^GM. 

mednllarj  art«ry,  whj  %q  large.  436. 

Ulceration,  60.                                                          ^^^^| 

Ulaa,3d0.                                                                 ^^^H 

relation  of  sue  of  to  nambet  of  digito,           ^^^^| 

379,390,                                                       ^^^H 

absence,  380.                                                    ^^^^| 

development,  38^.                                           ^^^^H 

articul&r  surf&oc  for  Humerus,  418.                ^^^^| 

Kadioi,  419,  426.            ^^^H 

bomotogy,  60O,                                                ^^^^H 

tob«r,  487. 

^^^^M 

©pipbjses,  488, 

Talgua.  664.                                                             ^^^| 

detetopmenii  489. 

Tarus,  672.                                                             ^^^H 

articular  inrfaces,  upper,  5*7. 

YeTtebne  fofmatloD,  116.                                         ^^^^| 

lower,  6&5,  667, 

namber  of  osacous  nuclei,  121.                  ^^^^| 

for  Fibula,  662, 

deficiency  of  one  half,  123.                        ^^^H 

fraetttre.  484. 

relation  to  cord,  134.                                 ^^^^^| 

ticket^  485,  486. 

to  nenros,  136.                            ^^^^H 

bomologj,  601. 

namber,  136.                                              ^^^^H 

Tom,  406 

structure  of  bodies,  137.                            ^^^^| 

QoloD  of  2nd  and  3rd,  497. 

not  quite  symmetrical,  13S.                       ^^^^^H 

luea,  496. 

connection  with  one  another,  169*            ^^^^^H 

proportions,  90,  96,  4fl6. 

moTementa  upon  one  another,  164.           ^^^^^| 

joiota,  674, 

in  different  parts  of  the          ^^^^^| 

Tomet  and  de  Morgan,  3,  0. 

column,  166.                                ^^| 

1             Toppling  forwiwds,  580, 

Vertebral  bodies,  number  of  osseous  nudei          ^^^^M 

(            TrvuTerae  proceaaes  of  Tertebne,  140. 

^^H 

deTclopmeot,  125. 

fissloo,  123.                                   ^^H 

tubercles,  141. 

formed  partly  by  the  n«fa-                  ^H 

articular     fuceU,    140, 

ral  pedicles,  124.                                ^| 

176,332,334. 

structuns,  ^.,  137, 161.                              1 

al«,  592. 

shape,  relation  to    spinal                          1 

Trocblea  of  humerui,  417. 

Guires,  149.                              ^^^^J 

Trunk,  proportioni  of,  92. 

holes  for  ▼eoala,  118, 137,          ^^H 

TniEioiin  of  bon«,  61. 

^^H 

Tubm  lidiii,  443. 

arches,  143, 150,  ^1.                                ^^H 

Tarbioafo  bones,  216, 297, 

articulating  procesaea,  166, 501.                  ^^^H 

of  ^tbmoid,  276^ 

Tarieties  in  number,  136,                             ^^^H 

•             Twiats  of  bones,  12. 

deYelopment,  117,  U9.                               ^^^H 

Type,  unity  of,  in  man,  91. 

atlas,  131,                                                   ^^^H 

Typical  forms  of  skull,  226. 

axis,  129, 176.                                           ^^^H 

Tympaaumi  269- 

cerrical,  175                                               ^^^^H 

forniation  of,  179. 

seTenlh,  125. 126,  143.              ^^^| 

1                                 frkolare  of.  206. 

^^^^H 

abeoMs  of,  26a 

^^^^H 

Tympanic  portion  of  Temporal  booe,  261. 

^^^1 

at  bblh. 

Vertebral  columQ  i  see  Spine,                               ^^^^H 

265. 

plates  (embryonic),  116.                           ^^^^^B 

bomolagy, 

artery,  foramen  for,  142.                         ^^^^B 

599. 

,                   cauAl,  dimensions  of,  156b                               ^^U 
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relations  to  oord>  150,  157. 
shape  seldom  altered  bj  dis- 
ease, 157. 
Vertebrate  animals,  113. 
Vessels  of  Periostenm,  21,  23. 
bone,  23,  27. 
skull,  21. 
medullary,  enlargement  jof,  27. 

direction  of,  27. 
of  diploe,  196,249,259. 
Vestibule,  260. 
Virchow,  on  ossification,  37. 

pumice-stone-like  osseous  mat- 
ter, 45. 
Rickets,  62,  66. 
Visceral  arches,  178, 592. 
clefts,  179,  254. 
Vocal  tract  of  nostrils,  220. 
Vomer,  296. 

development  of,  178, 296. 
homology,  596. 


Walking,  582. 

oscillation  of  body  prerented,  476, 

585. 
witlw  reference  to  position  of  mal- 
leoli, 556. 
Wasting  of  bones,  70. 
Wedl,  on  calcareous  granules  in  bone,  57. 
Weight  of  skeleton,  8. 
skull,  194. 
Wens  on  frontal  bone,  252. 
Whitlow,  394. 
Wisdom  tooth,  289. 
Wormian  bones,  191,  241, 248,  272. 
Wrist,  387. 


Zygomatic  process  of  temporal  bone,  366. 
deficiency  of,  49. 
arch  in  Negro,  257. 
Zyphoid   cartilage:    see    Entifbrm  earti- 
lage. 
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